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4) LIQUID CRYSTAL ELEMENT 

7)Abstract: 

ROBLEM TO BE SOLVED: To enable high-speed response and gradation 
•ntrol and to obtain a liquid crystal element having excellent animation 
age quality by tilting the average molecular axis of liquid crystals to one 
ie from a monostabilized position at an angle meeting the magnitude of 
pressed voltage at the time of voltage impression of a first polarity and 
aintaining the monostabilized position at the time of voltage impression of 
second polarity which is a reverse polarity. 

DLUTION: At the time of voltage non-impression, liquid crystal molecules 
array stably approximately along an average uniaxially oriented direction 
row make R) to one end side of a virtual cone 15 which executes 
Etching by the voltage impression. When, for example, the refractive index 
isotropy possessed by the liquid crystals is defined as An and a cell 
ickness as (d) and when And is set near the half wave of visible light, the 
uid crystal molecules 14 tilt to a direction meeting the polarity of the 
Itage when the voltage of the first polarity (positive polarity) is impressed 
). On the other hand, the liquid crystal molecules 14 stain at the position 
) similar to the position at the time of the voltage non-impression when 
e voltage of the second polarity (negative polarity) of the polarity reverse 
>m the first polarity is impressed. 
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AIMS 



laim(s)] 

laim 1] Chiral smectic liquid crystal and the electrode of the pair which impresses an electrical potential difference to 
s chiral smectic liquid crystal, The substrate of a pair with which optically uniaxial orientation processing was 
rformed in order to carry out orientation of this liquid crystal to one [ at least ] opposed face, while pinching this 
uid crystal and countering, It is the liquid crystal device which equipped one [ at least ] substrate with the polarizing 
ite. In the time of no electrical-potential-difference impressing The first condition that the average molecule shaft of 
s liquid crystal was made monostable is shown. At the time of the first polar electrical-potential-difference impression 
e tilt of the average molecule shaft of this liquid crystal is carried out to one side from this location made monostable 
the include angle according to the magnitude of applied voltage. With this first polarity at the time of the second polar 
ctrical-potential-difference impression of reversed polarity In the permeability curve of the light which passes that the 
srage molecule shaft of this liquid crystal maintains this location made monostable, and the electrical-potential- 
ference-component at the time of triangular wave impression The liquid crystal device which the following gamma 
iue at the time of the first polar electrical-potential-difference impression is three or more, and is characterized by 
lowing hysteresis parameter value Tdiff [%] being 50% or less. 

the time of the electrical-potential-difference hysteresis parameter value Tdiff[%] = Td-TuVu:standup to which 
rmeability reaches to 95% 95% [ of gamma=V/], and V5%V5%: ~ electrical-potential-difference V95%: to which 
rmeability reaches to 5% — The electrical potential difference Vd which reaches 50% of permeability : In the time of 
ling Electrical potential difference Tu which reaches 50% of permeability [%]: Permeability value Td in the standup 
*ve at the time of two above-mentioned average electrical potential difference (Vu+Vd) / 2 impression [%]: 
rmeability value in the falling curve at the time of two above-mentioned average electrical potential difference 
u+Vd) / 2 impression [claim 2] The outgoing radiation quantity of light from said component turns into the first 
antity of light in said first condition, and it sets at the time of said first polar electrical -potential-difference 
pression. It becomes the second quantity of light of most different magnitude from this first quantity of light in the 
te of the predetermined tilt of the average molecule shaft of liquid crystal. This outgoing radiation quantity of light 
e liquid crystal device according to claim 1 characterized by becoming adjustable continuously between this first and 
s second quantity of light by changing the include angle of the tilt from said location of the average molecule shaft of 
uid crystal made monostable with the magnitude of said first polar electrical potential difference, 
laim 3] The liquid crystal device according to claim 2 said whose first quantity of light is the minimum value in the 
tgoing radiation quantity of light from said liquid crystal device and said whose second quantity of light is maximum 
the outgoing radiation quantity of light from said component. 

laim 4] The phase transition sequence of said chiral smectic liquid crystal is an isotropic liquid phase from an 
vated-temperature side. Liquid crystal device according to claim 1 characterized by being a - cholesteric phase-chiral 
ectic phase or an isotropic liquid phase-chiral smectic C phase. 

laim 5] The whorl pitch in the bulk condition of said chiral smectic liquid crystal is the liquid crystal device [ longer 
m twice ] of eel thickness according to claim 1 . 

laim 6] The liquid crystal device according to claim 1 characterized by having the drive circuit which is the substrate 
iich has two or more pixels and has the active component which one side connected to the electrode corresponding to 
axel among the substrates of said pair, and performs an analog gradation display. 

laim 7] The outgoing radiation quantity of light from said component turns into the first quantity of light in said first 
idition, and it sets at the time of said first polar electrical-potential-difference impression. It becomes the second 
antity of light of most different magnitude from this first quantity of light in the state of the predetermined tilt of the 
srage molecule shaft of liquid crystal. This outgoing radiation quantity of light By changing the include angle of the 
from said location of the average molecule shaft of liquid crystal made monostable with the magnitude of said first 
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lar electrical potential difference It has becoming adjustable continuously between this first and the second quantity 
light, and two or more pixels. Having the drive circuit where one side is the substrate which has an active component 
ked to the electrode corresponding to a pixel, and performs a active-matrix drive among the substrates of said pair, 
d this drive circuit It is the circuit which the outgoing radiation quantity of light is changed in 1 pixel, and performs a 
sired gradation display, this first quantity of light that ****s in a desired gradation display — and — this — with the 
st period which impresses the first polar electrical potential difference beyond the electrical-potential-difference value 
* obtaining more than the quantity of light of the magnitude between the second quantity of light The liquid crystal 
vice according to claim 1 to 3 characterized by performing the gradation display of this request in the period with 
lich the driving signal which consists of the second period which impresses the second polar electrical potential 
Terence for obtaining this first quantity of light to this liquid crystal is supplied, and this first period and this second 
riod were doubled. 

laim 8] The liquid crystal device according to claim 1 to 7 which is a transparency mold liquid crystal device, 
laim 9] The liquid crystal device according to claim 1 to 7 which is a reflective mold liquid crystal device, 
laim 10] The substrate of a pair with which optically uniaxial orientation processing for carrying out orientation of 
s liquid crystal to one [ at least ] opposed face while pinching this liquid crystal to chiral smectic liquid crystal and 
s liquid crystal and countering them in the electrode of the pair which impresses an electrical potential difference was 
rformed, It is the liquid crystal device which equipped one [ at least ] substrate with the polarizing plate. In the time of 
electrical-potential-difference impressing The first condition that the average molecule shaft of this liquid crystal was 
ide monostable is shown. At the time of the first polar electrical-potential-difference impression The tilt of the 
srage molecule shaft of this liquid crystal is carried out to one side from this location made monostable at the include 
gle according to the magnitude of applied voltage. With this first polarity at the time of the second polar electrical- 
tential-difference impression of reversed polarity The average molecule shaft of this liquid crystal among maintaining 
s location made monostable and the substrate of said pair one side It had the drive circuit which is the substrate which 
5 an active component linked to the electrode corresponding to a pixel, and performs an analog gradation display by 
:ive-matrix drive, The volume-resistivity value of this chiral smectic liquid crystal is more than 5x101 1-ohmcm. The 
Dntaneous polarization of this liquid crystal Ps (nC/cm2), a rearranged part of the internal ion in the period of the time 
the 1 -pixel 1 selection-period initiation in a active-matrix drive to the time of next selection period initiation Qt 
IVcm2) — carrying out (2 Ps+Qt) — liquid crystal device characterized by being below 30 (nC/cm2). 
laim 11] The liquid crystal device according to claim 10 characterized by the above (2 Ps+Qt) being below 12 
:/cm2). 

laim 12] The outgoing radiation quantity of light from said component turns into the first quantity of light in said first 
edition, and it sets at the time of said first polar electrical-potential-difference impression. In the predetermined tilt 
idition of the average molecule shaft of liquid crystal, it becomes the second quantity of light. This outgoing radiation 
antity of light The liquid crystal device according to claim 10 characterized by becoming adjustable continuously 
rween this first and the second quantity of light by changing the include angle of the tilt from said location of the 
srage molecule shaft of liquid crystal made monostable with the magnitude of said first polar electrical potential 
ference. 

laim 13] The liquid crystal device according to claim 12 said whose first quantity of light is the minimum value in the 
tgoing radiation quantity of light from said liquid crystal device and said whose second quantity of light is maximum 
the outgoing radiation quantity of light from said component. 

laim 14] The liquid crystal device according to claim 10 to which the phase transition sequence of said chiral smectic 
uid crystal is characterized by being an isotropic liquid phase-cholesteric phase-chiral smectic phase or an isotropic 
uid phase-chiral smectic phase from an elevated-temperature side. 

laim 1 5] The whorl pitch in the bulk condition of said chiral smectic liquid crystal is the liquid crystal device [ longer 
n twice ] of eel thickness according to claim 10. 

laim 16] The outgoing radiation quantity of light from said component turns into the first quantity of light in said first 
idition, and it sets at the time of said first polar electrical-potential-difference impression. It becomes the second 
intity of light of most different magnitude from this first quantity of light in the state of the predetermined tilt of the 
srage molecule shaft of liquid crystal. This outgoing radiation quantity of light By changing the include angle of the 
from said location of the average molecule shaft of liquid crystal made monostable with the magnitude of said first 
ar electrical potential difference It has becoming adjustable continuously between this first and the second quantity 
light, and two or more pixels. Having the drive circuit where one side is the substrate which has an active component 
ked to the electrode corresponding to a pixel, and performs a active-matrix drive among the substrates of said pair, 
I this drive circuit It is the circuit which the outgoing radiation quantity of light is changed in 1 pixel, and performs a 
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sired gradation display, this first quantity of light that ****s in a desired gradation display — and — this — with the 
st period which impresses the first polar electrical potential difference beyond the electrical-potential-difference value 

• obtaining more than the quantity of light of the magnitude between the second quantity of light The liquid crystal 
vice according to claim 1 0 characterized by performing the gradation display of this request in the period with which 
; driving signal which consists of the second period which impresses the second polar electrical potential difference 

• obtaining this first quantity of light to this liquid crystal is supplied, and this first period and this second period were 
ubled. 

laim 17] The liquid crystal device according to claim 10 to 16 which is a transparency mold liquid crystal device, 
laim 18] The liquid crystal device according to claim 10 to 16 which is a reflective mold liquid crystal device, 
laim 1 9] Chiral smectic liquid crystal and the electrode of the pair which impresses an electrical potential difference 
this liquid crystal, The substrate of a pair with which optically uniaxial orientation processing for carrying out 
entation of this liquid crystal to one [ at least ] opposed face while pinching this liquid crystal and countering was 
rformed, It is the liquid crystal device which equipped one [ at least ] substrate with the polarizing plate. In the time of 
electrical-potential-difference impressing The first condition that the average molecule shaft of this liquid crystal was 
ide monostable is shown. At the time of the first polar electrical-potential-difference impression The tilt of the 
srage molecule shaft of this liquid crystal is carried out to one side from this location made monostable at the include 
gle according to the magnitude of applied voltage. With this first polarity at the time of the second polar electrical- 
tential-difference impression of reversed polarity The average molecule shaft of this liquid crystal among maintaining 
s location made monostable and the substrate of said pair one side It had the drive circuit which is the substrate which 
5 an active component linked to the electrode corresponding to a pixel, and performs an analog gradation display by 
:ive-matrix drive, The volume-resistivity value of this chiral smectic liquid crystal is more than 5x101 1-ohmcm. The 
)ntaneous polarization of this liquid crystal Ps (nC/cm2), a rearranged part of the internal ion in the period of the time 
the 1 -pixel 1 selection-period initiation in a active-matrix drive to the time of initiation of a next selection period — Qt 
2/cm2) — carrying out (2 Ps+Qt) — with it being below 30 (nC/cm2) The liquid crystal device which it sets on the 
rmeability curve of the light which passes the electrical-potential-difference-component at the time of triangular wave 
pression, and the following gamma value at the time of the first polar electrical -potential-difference impression is 
ee or more, and is characterized by following hysteresis parameter value Tdiff [%] being 50% or less, 
the time of the electrical-potential-difference hysteresis parameter value Tdiff[%] = Td-TuVu:standup to which 
-meability reaches to 95% 95% [ of gamma=VY], and V5%V5%: — electrical-potential-difference V95%: to which 
-meability reaches to 5% — The electrical potential difference Vd which reaches 50% of permeability : In the time of 
ling Electrical potential difference Tu which reaches 50% of permeability [%]: Permeability value Td in the standup 
*ve at the time of two above-mentioned average electrical potential difference (Vu+Vd) / 2 impression [%]: 
rmeability value in the falling curve at the time of two above-mentioned average electrical potential difference 
u+Vd) / 2 impression [claim 20] The liquid crystal device according to claim 19 characterized by the above (2 Ps+Qt) 
ng below 12 (nC/cm2). 



anslation done.] 
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TAILED DESCRIPTION 



stailed Description of the Invention] 
>01] 

eld of the Invention] This invention relates to the orientation control approach of the liquid crystal in the liquid 

stal device and this component which are used for the light valve used for a flat-panel display, a projection display, a 

nter, etc. 

>02] 

ascription of the Prior Art] Conventionally, in the pneumatic liquid crystal display device, development of the liquid 
stal device called active matrix which has arranged an active element like a transistor (for example, a thin film 
nsistor/TFT) to each pixel is performed. As the mode of the nematic liquid crystal used for this active-matrix type of 
uid crystal display component now, they are for example, em shut (M. Schadt) and the W. Helfrich (W. Helfrich) 
rk Applied. Physics The 18th volume of Letters and the Twisted Nematic (Twisted Nematic) mode shown in 128 
>es from the 127th page of the 4 No. (February 15, 1971 issue) are used widely. Moreover, recently, the in plane 
itching (In-Plain Switching) mode in which the longitudinal direction electrical potential difference was used is 
lounced, and the improvement of the angle-of- visibility property which was the fault of a twisted nematic type LCD 
nade. In addition, there is super-twisted-nematic (Super TwistedNematic) mode as an example of representation of 
pneumatic liquid crystal display device which does not use active elements, such as TFT mentioned above. Thus, 
lough the mode with various liquid crystal display components using such a pneumatic liquid crystal existed, the 
uble that the dozens of or more mses speed of response of liquid crystal will be applied in any case in the mode 
sted. 

►03] As what improves the fault of the pneumatic liquid crystal component of such a conventional type, the 
nponent (SSFLC/Surface Stabilized FLC) liquid crystal indicates bistability nature to be is proposed by Clerks 
ark) and Lagerwall (Lagerwall) (JP,56-107216,A, U.S. Pat. No. 4367924 specification). As liquid crystal in which 
5 bistability nature is shown, the ferroelectric liquid crystal in which a chiral smectic C phase is generally shown is 
;d. Since an electrical potential difference acts on the spontaneous polarization of a liquid crystal molecule in the case 
dectrical-potential-difference impression and reversal switching of a molecule is made, the bistability condition 
ich a very quick speed of response is obtained upwards, and has memory nature can be made to discover in this 
roelectric liquid crystal. Since the angle-of- visibility property is furthermore also excellent, it is thought that it is 
table as the display device or light valve of a high speed, a high definition, and a large area. Furthermore, the 
nponent which combined the active-matrix component with the ferroelectric liquid crystal in which a chiral smectic 
>hase is shown is proposed (JP,4-212126,A etc.). 

'04] On the other hand, recently, the component the combination electrical-potential-difference-permeability property 
intiferroelectricity liquid crystal (non-threshold antiferroelectricity liquid crystal) and a active-matrix component 
icates a V character mold configuration to be attracts attention. Like [ this antiferroelectricity liquid crystal ] a 
roelectric liquid crystal, since reversal switching of a molecule is made according to the operation to the spontaneous 
arization of a liquid crystal molecule, a very quick speed of response is obtained. In order that this liquid crystal 
redient may take the molecular arrangement structure where spontaneous polarization with a mutual liquid crystal 
lecule is mutually negated at the time of no electric-field impressing, in the condition of not impressing electric field, 
as been the description that spontaneous polarization does not exist. 

05] Each of ferroelectric liquid crystals which perform reversal switching by such spontaneous polarization, and 
iferroelectricity liquid crystal is liquid crystal in which a smectic liquid crystal phase is shown. That is, in the 
lantics that the trouble about the speed of response which the pneumatic liquid crystal was holding conventionally is 
vable, implementation of the liquid crystal display component using a smectic liquid crystal is expected. 
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306] 

roblem(s) to be Solved by the Invention] Thus, although the smectic liquid crystal which has spontaneous polarization 
the display of the next generation, such as high-speed response engine performance, etc. is expected, it is becoming 
:ar (Shingaku Giho EID96-4p.l9 etc.) from the latest research that the animation high-speed response characteristic 
lich human being senses is not acquired only by raising a speed of response. In these research results, the conclusion 
being effective for the nature improvement of an animation is obtained by using the method which makes a time 
lount numerical aperture 50% or less, using a shutter as technique sensed that a movie display is [ human being ] 
jh-speed, or 2X means of displaying. 

307] However, from the first, in order to realize good animation display at an above-mentioned high speed using the 
iral smectic liquid crystal device of a high-speed response which was mentioned above, that the above-mentioned 
imation display approach cannot be used since the mode using the nematic phase of a conventional type of the speed 
response of liquid crystal is inadequate has the fault that the drive approach and a circumference circuit become 
mplicated, and it caused a cost rise. 

308] The place which this invention was made in view of such a trouble, and is made into the technical problem is a 
uid crystal device using the liquid crystal in which a chiral smectic phase is shown, and even if a high-speed response 
d gradation control are possible and it does not use a complicated circuit, it is offering the cheap liquid crystal device 
lose quality of an animation improved. 
309] 

[eans for Solving the Problem] The substrate of a pair with which optically uniaxial orientation processing for 
rrying out orientation of this liquid crystal to at least one side while pinching chiral smectic liquid crystal and this 
uid crystal and countering if [ in the first place / of this invention ] was performed, It is the liquid crystal device 
lich equipped one [ at least ] substrate with the polarizing plate. In the time of no electrical-potential-difference 
pressing The first condition that the electrode of the pair which impresses an electrical potential difference to this 
uid crystal, and the average molecule shaft of this liquid crystal were made monostable is shown. At the time of the 
st polar electrical -potential-difference impression The tilt of the average molecule shaft of this liquid crystal is carried 
t to one side from this location made monostable at the include angle according to the magnitude of applied voltage, 
ith this first polarity at the time of the second polar electrical-potential-difference impression of reversed polarity In 
it the average molecule shaft of this liquid crystal maintains this location made monostable, and the electrical- 
tential-difference-permeability curve at the time of triangular wave impression The following gamma value at the 
le of the first polar electrical -potential-difference impression or more by three And the liquid crystal device 
aracterized by following hysteresis parameter value Tdiff [%] being 50% or less, In the time of the electrical- 
tential-difference hysteresis parameter value Tdiff[%] = Td-TuVu:standup to which permeability reaches to 95% 95% 
f gamma=V/], and V5%V5%: ~ electrical-potential-difference V95%: to which permeability reaches to 5% - The 
jctrical potential difference Vd which reaches 50% of permeability : In the time of falling Electrical potential 
Terence Tu which reaches 50% of permeability [%]: Permeability value Td in the standup curve at the time of two 
ove-mentioned average electrical potential difference (Vu+Vd) / 2 impression [%]: The permeability value in the 
ling curve at the time of two above-mentioned average electrical potential difference (Vu+Vd) / 2 impression is 
? ered. 

310] Moreover, the electrode of the pair which impresses an electrical potential difference to chiral smectic liquid 
/stal and this liquid crystal according to the second of this invention, The substrate of a pair with which optically 
iaxial orientation processing for carrying out orientation of this liquid crystal to one [ at least ] opposed face while 
iching this liquid crystal and countering was performed, It is the liquid crystal device which equipped one [ at least ] 
Dstrate with the polarizing plate. In the time of no electrical-potential-difference impressing The first condition that 
; average molecule shaft of this liquid crystal was made monostable is shown. At the time of the first polar electrical- 
tential-difference impression The tilt of the average molecule shaft of this liquid crystal is carried out to one side from 
s location made monostable at the include angle according to the magnitude of applied voltage. With this first polarity 
the time of the second polar electrical-potential-difference impression of reversed polarity The average molecule shaft 
this liquid crystal among maintaining this location made monostable and the substrate of said pair one side It had the 
ve circuit which is the substrate which has an active component linked to the electrode corresponding to a pixel, and 
-forms an analog gradation display by active-matrix drive, The volume-resistivity value of this chiral smectic liquid 
'stal is more than 5x101 1-ohmcm. The spontaneous polarization of this liquid crystal Ps (nC/cm2), a rearranged part 
the internal ion in the period of the time of initiation of 1 -pixel 1 selection to the time of initiation of a next selection 
nod in a active-matrix drive - Qt (nC/cm2) - carrying out (2 Ps+Qt) - liquid crystal device ** characterized by 
ing below 30 (nC/cm2) is offered. 
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)11] 

mbodiment of the Invention] Hereafter, the orientation condition and switching process of liquid crystal which 
isent the chiral smectic phase in the liquid crystal device of this invention are explained on a model with reference to 
(rawing, after contrasting with the SSFLC type of the conventional type mentioned above. 

)12] Bistability nature, i.e., memory nature, is made to discover by making two conditions stabilize a liquid crystal 
)lecule in a SmC* phase in SSFLC. It explains using the model shown in d rawi ng 1 and dra wing 2 about this memory 
ndition. 

)13] In addition, although based on the relation of the virtual cone which can serve as the range of the location of a 
uid crystal molecule and this molecule, a smectic layer normal, and an an average of 1 shaft orientation processing 
ift in the model explained below, within a liquid crystal device, two or more liquid crystal molecules concerned exist, 
• example, are twisted to some extent in the direction of a substrate normal, and are observed as behavior of an 
srage molecule shaft. That is, the average molecule shaft specified by this invention ****s in the behavior of an 
lependent liquid crystal molecule substantially. 

)14] Drawing 1 explains the layer structure (structure of a smectic layer) of the liquid crystal molecule in the 
mponent of a SSFLC mold, and liquid crystal. In the part of the liquid crystal 13 pinched between a substrate 1 1 and 
with the component concerned as shown in this drawing (a) and (b) the liquid crystal molecule 14 a substrate 11 or 
ar the interface of 12 — the uniaxial orientation processing direction A of each substrate — meeting — pre tilt angle 
>ha predetermined from a substrate — starting (this example — the uniaxial orientation processing direction R of both 
DStrates — parallel — and this direction --) That is, the smectic layer 16 of the Chevron structure of making the tilt 
gle delta to a substrate normal between a substrate 1 1 and 1 2 considered as a setup whose liquid crystal molecule is 
ide to start in this direction to a substrate is formed. 

)1 5] On the other hand, the liquid crystal molecule 14 is switched among 2 locations of the wall surface of the virtual 
tie 1 5 which has the vertical angle of 2theta (it is the cone angle of a proper to theta:liquid crystal ingredient) by 
:ctrical-potential-difference impression, and is in electrical-potential-difference the condition of not impressing, and 
ists stably near the two locations concerned. In addition, the orientation condition that the smectic layer 1 6 shown in 
s drawing (a) and (b) makes the Chevron structure is classified by the relation between the direction of the pre tilt of 
\ liquid crystal molecule 14 between substrates, and the bending direction of the Chevron structure of the smectic 
'er 16, and calls CI orientation and the orientation condition of (b) C2 orientation for the orientation condition of (a), 
pectively. 

)16] Here in the state of the orientation of SSFLC shown in dra win g 1 By generally filling the relation of theta>delta, 
orientation condition and C2 orientation condition the kink location (a crease of substrate period ** is ******) of the 
ectic layer 16 of the Chevron structure is included between a substrate 1 1 and 12 at the time of no electrical- 
tential-difference impressing — in all the thickness directions, the liquid crystal molecule 14 can take two locations 
bly within the virtual cone 1 5, and a bistability condition is mostly discovered. Drawing 2 (a) and (b) show the 
yection of the liquid crystal molecule to the base 17 top of the cone 15 of the imagination in each of CI orientation 
idition shown in dr awing 1 (a) and (b), respectively, and C2 orientation condition, and show that a liquid crystal 
>lecule takes the bistability condition (projection 18a and 18b) of 14a and 14b. 

)17] With the component which liquid crystal presents the orientation condition of the above bistability nature, a 
iarization shaft is set by one average molecule shaft of a bistability condition among the polarizing plates under the 
>ss Nicol's prism of a pair, switching between bistability conditions is performed, and the display of black (dark 
idition) and white (******) i s performed. This switching is made with generation and disappearance of generation of 
: domain of the condition of another side, i.e., domain Wall, from one condition. However, when displaying using 
:h a switching mechanism, only the binary display of black and white can be performed fundamentally, but the 
play of the gradation between black and white (halftone) is difficult. 

)18] On the other hand, in the first of this invention, and the second liquid crystal device, memory nature (bistability 
ure) as shown in drawing 1 and 2 is vanished that a gradation display should be realized in the component using the 
uid crystal in which a chiral smectic phase is shown, and it becomes important to make it a liquid crystal molecule 
ation serve as adjustable continuously with applied voltage. The liquid crystal ingredient in which Ch-SmC* phase 
asition is preferably shown in this invention is used for this setup. 

)19] It is shown like the layer structure formation fault of the liquid crystal ingredient which shows a Ch-SmC* phase 
luence at least to drawing 3 (b) under a temperature fall like the formation fault of the layer (smectic layer) structure 
a liquid crystal ingredient which shows a Ch-SmA-SmC* phase sequence in drawing 3 (a) under a temperature fall at 
st in a liquid crystal device. In this drawing, an arrow head R is the an average of 1 shaft orientation processing shaft 
entation in a component. The liquid crystal molecule 14 can be switched along with the wall surface of virtual cone 
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region, when an electrical potential difference is impressed. 

)20] Uniaxial orientation processing is performed in the field which touches an "an average of 1 shaft orientation 
>cessing shaft" here at the liquid crystal of both the substrates that constitute a component. When the direction (for 
ample, the direction of rubbing) is parallel, and is the same direction or it is hard flow (anti-parallel) mutually, in the 
;e where uniaxial orientation processing is performed only to one substrate at the list It is equivalent to the shaft of the 
iaxial orientation processing itself, and corresponds in the direction of one half of the shafts of the direction of a core 
both uniaxial orientation processing shafts, i.e., a cross angle, in the case where the direction (for example, the 
ection of rubbing) where uniaxial orientation processing was performed in both substrates crosses mutually. 
)reover, with the "direction" of an an average of 1 shaft orientation processing shaft, have started to the substrate of a 
uid crystal molecule [ / near / where the orientation processing concerned was made, for example / the substrate ]. 
mely, are the direction of the side which produces a pre tilt, and when uniaxial orientation processing is performed 
ly to one substrate, uniaxial orientation processing is performed in both substrates. When the direction (for example, 
i direction of rubbing) is parallel and is the same direction When it is the processing direction itself, and is mutually 
rallel to both substrates and processing of hard flow is performed (anti-parallel) It is the processing direction in one of 
jstrates, and is the direction of the medial axis in the case where the direction (for example, the direction of rubbing) 
lere uniaxial orientation processing was performed in both substrates crosses mutually. 

)21] Into a phase sequence, as shown in drawing 3 (a), the liquid crystal molecule 14 arranges and smectic layer 
ucture is formed in the case of the liquid crystal ingredient which has a SmA phase, so that the direction of a smectic 
'er normal (space longitudinal direction arrow head LN) and the uniaxial orientation processing direction may be in 
reement in a SmA phase. And in a SmC* phase, the tilt of the liquid crystal molecule 14 is carried out from [ LN ] a 
ectic layer normal, and it is stabilized a little [ its ] near the edge of the virtual cone 15 in an inside location. 
)22] By the phase sequence which does not contain a SmA phase on the other hand as shown in dr awin g 3 (b), for 
imple by the process which carries out phase transition to a SmC* phase from Ch phase, it arranges in the an average 

1 shaft orientation processing direction R, and smectic layer structure is formed so that the liquid crystal molecule 14 
iy incline to the direction LN of a smectic layer normal. That is, the direction LN of a layer normal will be formed in 

: an average of 1 shaft orientation processing direction R and the direction shifted. In this invention, the liquid crystal 
»lecule 14 is adjusted so that it may stabilize especially through the temperature region of a SmC* phase in the 
:ation of the edge of the virtual cone 15. 

)23] Although the liquid crystal molecule 14 as shown in drawing 1 and drawing 2 in any [ of drawing_3 (a) and (b) ] 
;e should be in the bistability orientation condition of the Chevron structure, i.e., a substrate, to stability in the two 
-allel condition substantially, when shown in drawing 3. (b), the force of constraint of uniaxial orientation processing 
:omes strong, only one side of these two conditions becomes stable (making it monostable), and memory nature will 
appear. 

)24] This monostable-ized phenomenon is described concretely below. With the liquid crystal ingredient in which a 
-SmC* phase sequence is shown, the direction of a layer normal and the uniaxial orientation processing direction 
ft and carry out orientation as mentioned above. Therefore, when two molecule locations where a liquid crystal 
»lecule becomes parallel to a cone top and a substrate side in a SmC* phase are set to Ul and U2, respectively, the 

2 where the angle with the uniaxial orientation processing direction to make is smaller becomes stable among said 
s of molecule locations, and bistability nature will collapse. 

)25] However, if the reinforcement (A) of this uniaxial orientation processing assumes the infinite case of being close 
?ero, the angle of the uniaxial orientation processing direction and the direction of a layer normal to make is not 
ised how, and the difference should not be looked at by the stability (potential) of Ul and U2 ( drawing 4 (a)), 
erefore, even if it uses the ingredient in which a Ch-SmC* phase sequence is shown, the component which has 
tability nature is able to be realized. 

>26] Subsequently, although uniaxial orientation processing has been performed, when the reinforcement is not 
nigh ( drawing 4 (b)), in Ul and U2, a difference will occur in potential, and bistability nature will collapse, 
wever, in the state of this drawing 4 (b), although one condition of bistability is stable, it will exist as a metastable 
entation condition also about another condition. In the state of such orientation, a hysteresis is very large at the time 
a triangular wave response, and the phenomenon in which bistability nature is discovered again by observing a steep 
eshold property or impressing the fixed direct-current bias which exists electrically etc. is observed, for example, 
at is, it is possible that the continuous tone control by the active matrix becomes difficult with the component with 
ich such sufficient monostable nature is not realized. 

»27] On the other hand, there is no existence of a metastable condition by strengthening the force of constraint of 
axial orientation processing enough, as shown in drawing 4 (c), it becomes possible to make it monostable 
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mpletely, and the continuous tone control characteristic will improve greatly. 

)28] Moreover, the height of the bistability energy barrier in drawing 4 (a) is considered to change also depending on 
iquid crystal material property or a eel configuration. That is, it is guessed qualitatively that the height of this energy 
rrier changes with the amounts of anti-electric fields which the liquid crystal device itself makes. Therefore, in order 
design a liquid crystal device so that a metastable state may not exist, it is desirable to set up the height of an energy 
rrier low beforehand by carrying out a eel design so that the amount of internal anti-electric fields may become large, 
r example, it is desirable to arrange the sufficiently high insulating polyimide orientation film in vertical both 
?strates as an orientation control layer. 

)29] It is possible that the smectic layer structure which shows two kinds of different directions of a layer normal 
Ml and LN2) as shown in drawin g 5 forms in the case of the Ch-SmC* phase transition shown in draw ing 3 (b). At 
s time, if the conditions (the conditions of the processing direction etc., orientation ingredient, etc.) of uniaxial 
entation processing of the substrate of the vertical pair of the eel which pinches chiral smectic liquid crystal are 
mpletely symmetrical, two smectic layer structures as shown in above-mentioned drawjng_5 will be formed at an 
aal rate. 

)30] Furthermore, it sets to the first of this invention, and the second liquid crystal device. By adjusting the design of 
el using a suitable liquid crystal ingredient first, and performing processing which gives a bias farther to the inner 
tential in a eel in the process of the Ch-SmC* phase transition of a liquid crystal ingredient Keep step only with one 
'er structure between two layer structures shown in drawing 5 , namely, make it the gap direction of an an average of 
haft orientation processing shaft and the direction of a smectic layer normal become fixed, one edge of the virtual 
ie 15 was made to make the liquid crystal molecule 14 monostable, and the orientation condition of a SmC* phase of 
ring vanished the memory nature has been acquired. The bias of this inner potential gives and DC electrical potential 
ference of one of positive/negative is impressed between the substrates of a pair as a direction in the case of 1 Ch- 
lC* or I-SmC* phase transition. 

Use the orientation film which consists of an ingredient which is different in the substrate of a vertical pair. 
Change the approach (processing conditions, such as membranous formation conditions, rubbing reinforcement, and 
J irradiation) of the orientation film of the substrate of a vertical pair. 

Which means may be used although various approaches, such as changing the membrane type or thickness of a layer 
spared in the substrate of the orientation film of the substrate of a vertical pair, can be considered. 
)3 1 ] In order to avoid that between the substrates of the pair of a component short-circuits by carrying out long 
ration impression of the DC as DC impression conditions especially by 1 , in order to arrange the direction of a 
ectic layer with an one direction, it is [ / Ch-SmC* phase transition or near the I-SmC* phase transition ] desirable 
>C ] to limit to the need and the minimum applied voltage. It is desirable to impress lOOmV or more and DC electrical 
tential difference in the range not more than 1 OV concretely. 

)32] As for the ion in the orientation film set up by a liquid crystal ingredient and the above 2-4 which were 

mtioned above, and a liquid crystal ingredient, it is desirable to decrease as much as possible so that it may not have a 

i influence on a TFT drive. 

)33] Subsequently, in the eel which has the orientation condition of the liquid crystal device of this invention, i.e., the 
entation condition which formed preferentially one side of the layer structure in a SmC* phase as shown in drawing, 
} reversal behavior of the liquid crystal molecule 14 to an electrical potential difference is explained with reference to 
twing 6 and drawing 7 . At drawing 6 , by the model about the behavior of the liquid crystal molecule within the 
tual cone 15 of the liquid crystal by electrical -potential-difference impression, and drawing 7 , when it sees from a eel 
• face and sees from a side face about the orientation condition within the eel of the liquid crystal concerned, the 
del in the case where it sees with the projection at the base of a virtual cone is explained. 

>34] The liquid crystal molecule 14 is mostly arranged stably along the an average of 1 shaft orientation processing 
ection (arrow head R) to the end (edge) side of the virtual cone 15 to which a liquid crystal molecule switches by 
ctrical-potential-difference impression at the time of no electrical-potential-difference impressing, as shown in 
wing 6 (b). When taking the condition that this liquid crystal molecule 14 carries out monostable to the edge of the 
tual cone 15 ? [******] Smectic layer structure is book-shelf structure (the layer tilt angle delta is 3 degrees or less) 
>stantially. When the pre tilt angle of the liquid crystal molecule 14 is very small (orientation condition shown in 
: wing_ 7 (a)), Or smectic layer structure is slanting book-shelf structure, and a case (orientation condition shown in 
Aving 7 (b)) as the layer tilt angle delta was mostly in agreement with the pre tilt angle can be considered. 
135] Here, a eel is arranged in the uniaxial orientation processing direction R under cross NicoFs prism drawing.6 (d) 
a polarization shaft which made (P) in agreement on the other hand, the quantity of light which penetrates liquid 
stal is changed into the minimum condition, and a dark condition (a black condition, first outgoing radiation quantity 
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light) is acquired. 

)36] And when [ for example, ] refractive-index anisotropy deltan which liquid crystal has, and eel thickness were set 
d and deltand is set as about 1/2 wave of the light, When the first polar (in the case of this drawing straight polarity) 
ictrical potential difference is impressed, as it is shown in drawing 6 (c) to an orientation condition as shown in above- 
;ntioned drawing 6 (b), the tilt (switching) of the liquid crystal molecule 14 is carried out in the direction according to 
: polarity of an electrical potential difference to the location at the time of no electrical-potential-difference 
pressing. The include angle of this tilt becomes a thing according to the magnitude of applied voltage. On the other 
nd, when the second polar (in the case of this drawing negative polarity) electrical potential difference of the first 
larity of the above and reversed polarity is applied, the liquid crystal molecule 14 remains in the same location as the 
le of no electrical-potential-difference impressing. In this way, when the first polar (straight polarity) electrical 
tential difference is impressed, the quantity of light to which the electrical-potential-difference absolute value follows 
becoming large, and penetrates the liquid crystal part in a eel changes continuously, and becomes large and the liquid 
'stal molecule 14 changes into the predetermined condition in the virtual cone 15, the most different amount of the 
iximum transmitted lights from the magnitude of the amount of transmitted lights at the time of no electrical- 
tential-difference impressing is obtained. When a negative electrical potential difference is impressed, the quantity of 
ht which penetrates liquid crystal is maintained with the minimum condition. 

)37] Here, by the case where the include angle of the tilt on the basis of the location of the liquid crystal molecule 14 
the time of no electrical-potential-difference impressing in the condition of the maximum tilt of the liquid crystal 
)lecule 14 at the time of straight polarity electrical-potential-difference impression is smaller than 45 degrees, when 
ng the polarizing plate of a pair as shown in drawing 6 (d), when the liquid-crystal molecule 14 is in the edge of the 
tual cone 15, in the condition of the maximum tilt, the amount of the maximum transmitted lights in the time of 
aight polarity electrical-potential-difference impression is obtained. On the other hand, when the include angle of the 
:>ve-mentioned tilt is 45 degrees or more, and there is a liquid crystal molecule 14 inside the edge of the virtual cone 
, the amount of the maximum transmitted lights in the case of straight polarity electrical-potential-difference 
pression is obtained. 

)38] When a liquid crystal molecule will be in the maximum tilt condition in the case of the example of the 
nsmission (T) property of the (electrical-potential-difference V)-light of a component which shows the switching 
lavior of a liquid crystal molecule which was mentioned above, especially straight polarity electrical-potential- 
ference impression, the example of a component in case the maximum transmission is obtained is shown in drawing 
At the time of electrical -potential-difference impression of straight polarity, permeability rises by the tilt of a liquid 
r stal molecule in accordance with the electrical-potential-difference value, and the maximum permeability Tl is 
>wn more than by electrical -potential -difference VI . Even if it is not based on the electrical -potential-difference value 
►solute value) at the time of electrical-potential-difference impression of negative polarity, and a liquid crystal 
►lecule does not carry out a tilt on the other hand but it is -VI, permeability is 0 like the time of no electrical- 
■ential-difference impressing. 

)39] A property as shown in an orientation condition and drawin g 8 as shown in drawing 6 of the liquid crystal device 
this invention, and 7 It applies to a liquid crystal panel equipped with general TFT active-matrix type. The period 
ich an alternating current drive wave is impressed, and a liquid crystal part is operated as an optical shutter, and uses 
= optical response characteristic by the electrical-potential-difference impression by the side of the straight polarity 
>wn in a unipolar electrical-potential-difference impression period, for example, drawing 8 , Effectiveness equivalent 
:he method which makes a time amount numerical aperture 50% or less can obtain by combining the electrical- 
ential-difference impression period of reversed polarity, for example, the period using the optical response 
iracteristic by the electrical-potential-difference impression by the side of the negative polarity shown in drawing 8 . 
this way, even if it does not use a complicated circumference circuit etc., it becomes possible to realize the liquid 
stal device which carried out the animation progression in quality. 

40] Subsequently, since it is easy about the reversal mechanism of the liquid crystal molecule in the orientation 
idition of the liquid crystal device of this invention, it explains using the orientation condition of having the Chevron 
jcture. In addition, although the case where smectic layer structure is book-shelf structure substantially, and the case 
ere it is slanting book-shelf structure are assumed in the liquid crystal device of this invention as mentioned above, 
fundamental view is the same as that of the case of the Chevron structure. 

41] In order for the liquid crystal molecule 14 to switch between bistability conditions in the state of the orientation 
SSFLC shown in drawing 1 and 2, it is required to exceed the energy barrier of predetermined height, and existence 
:his energy barrier serves as the origin of bistability nature. On the other hand, it is in the condition of having 
bilized extremely in the location [ in / the liquid crystal device of this invention ] with the liquid crystal molecule 14 
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ar the one side of the bistability potential in SSFLC in the state of orientation as shown in drawing 6 . Since the 
)lecule location where a stable state is [ that only one exists but the stable state according to the magnitude of applied 
Itage exists in analog ] as stable as applied voltage corresponds by one to one by this, continuous and reversal without 
aeration of a domain are realizable. 

)42] The model of the condition of this energy barrier (potential) is shown in drawing 9 and drawing 10 . 
)43] Drawing 9 (a) and (b) show the condition of the potential in the bistability orientation condition in SSFLC about 
:h of CI orientation condition and C2 orientation condition. Al and A2 show the potential of each condition of a 
lability condition. The condition of the above-mentioned potential changes a little with CI orientation and C2 
entation so that more clearly than these Figs. When it is CI orientation in SSFLC, since the aperture angle of the 
uid crystal molecule in a liquid crystal-substrate interface becomes larger than the case where it is C2 orientation 
fer to projection drawing 2 (a) and near [ in (b) ] a substrate interface), the height of an energy barrier also becomes 

;h. 

)44] On the other hand, CI orientation condition and C2 orientation condition look like [ drawingj.0 (a) and (b) ] the 
idition of the potential in the orientation condition in the liquid crystal device of this invention, respectively, and ** is 
t shown in them. Bl shows the potential (in the case of drawing 6 (b)) of a non- impressed electrical-potential- 
ference liquid crystal molecule, and the potential (in the case of drawing 6 (c)) of the liquid crystal molecule in the 
iximum tilt by impression of the electrical potential difference of one polarity [ B-2 ]. 

)45] the orientation condition that the height of the energy barrier between the bistability conditions of CI orientation 
i C2 orientation as shown in the case of above-mentioned SSFLC differs is alike, respectively, and it receives, and 
ten one side is stabilized among the conditions of bistability, it will become that from which each drive property 
fered. In high CI orientation condition of especially an energy barrier, as shown in drawing 10 (a), when it 
isidered as the condition that bistability potential was stabilized extremely on the other hand (Bl), while the stable 
te had remained in two, the condition that one side will be in a metastable state (for the level of potential it compares 
th a perimeter although it is high, and B-2 is also stability) occurs. Since the stable state according to the magnitude of 
Dlied voltage exists in analog and applied voltage and a stable molecule location correspond by one to one by this in 
: case of the response by electrical-potential-difference impression until it reaches a certain fixed potential, a 
itinuous and orientation condition discontinuous [ although reversal without generation of a domain is realizable ] 
en a certain fixed potential is exceeded is formed, namely, it may become the discontinuous reversal behavior 
:ompanied by generation of domain Wall. 

)46] On the other hand, since the energy barrier in the case of being SSFLC of bistability is low in the state of C2 
entation, as shown in drawing 10 (b), also when it considers as the condition of on the other hand (Bl) having 
bilized extremely, continuous to the condition of B-2 and reversal without generation of a domain have been realized, 
rthermore, he can understand that driver voltage tends to become [ the direction of CI ] high from these drawings. 
)47] About the orientation condition in the liquid crystal device of the point described above to this invention, it is 
Arable to use C2 orientation in the eel which carried out parallel rubbing from a viewpoint of the analog gradation 
line performance and the reduction in driver voltage. Or when it is in the orientation condition that CI and C2 are 
srmingled, also in order to press down these property dispersion to the minimum, it is desirable for a pre tilt angle to 
low. Or it is desirable that it is anti-parallel rubbing. 

>48] In the liquid crystal device of this invention, when it asks for the electrical-potential-difference-permeability 
ve at the time of triangular wave impression, some hysteresis may exist. However, in driving in an alternating current 
ve form like [ in the case of the component equipped with actual TFT ], especially since an optical modulation is not 
itinuously carried out from confession voice like [ at the time of triangular wave impression ] to a halftone condition, 
oes not become a problem, namely, in case an optical modulation is carried out, for example from white from an 
ical modulation being carried out to halftone according to the property shown in drawing 8 , always carrying out 
nochrome reversal according to the polarity impressed Since the drive of writing in after always being reset in one 
arity at a black side, when an alternating current is impressed since it becomes irregular to the orientation condition 
lalftone after going via a black orientation condition from confession voice is realized, it is hardly theoretically 
tuenced of the hysteresis of a last condition. 

49] In the first liquid crystal device of this invention, the hysteresis value in a triangular wave response and gamma 
ue t are set as specific level. 

50] These hystereses value and a gamma value are defined below. A triangular wave is impressed to the transparency 
Id component from which the outgoing radiation quantity of light is set to 0 at the time of no electrical-potential- 
ference impressing, when the graph which says to an axis of abscissa as applied voltage, and is said to an axis of 
inate as the quantity of light (the amount of transmitted lights) is drawn, as shown in drawing 16 , an optical response 
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es not exist to one polar electric field, but an optical response is carried out only to another polar electric field. At this 
le, it is common that two of the curves (falling curve) drawn when changing from the curve (starting curve) drawn 
ten changing from a low battery to the high voltage, and the high voltage to a low battery are drawn. Depending on 
aditions, these two may overlap completely, and they may become one. By this invention, the time of starting a 
mma value and the quantity of light serving as max in a curve is made into 100% of permeability, the electrical 
tential difference which reaches 95% of permeability V5% in the electrical potential difference which reaches 5% of 
rmeability is made into V95%, and it is defined as gamma=V 95%/V5%. Although this gamma value turns into one 
more values, a threshold property becomes steep and gradation control becomes difficult, so that this value 
proaches 1. Conversely, if this value is fully larger than 1, the component property excellent in the gradation 
atrollability will be realized. With the component of this invention, the value of gamma is set up or more with three, 
i stable gradation control is enabled. 

)51] Moreover, the electrical potential difference which reaches 50% of permeability at the time of Vu and falling in 
5 electrical potential difference [ in / for a hysteresis value / a triangular wave response curve ] which starts and 
Tietimes reaches 50% of permeability is defined as Vd, and when the electrical potential difference of (Vu+Vd)/2 is 
pressed, two permeability values Tu [%] acquired [ for ] and the difference Tdiff [%] of Td [%] are defined as a 
steresis parameter in this invention. Although it does not need to be related with this hysteresis and it is necessary to 
;dly take into consideration theoretically the effect of [ at the time of a drive actual as mentioned above ], when it 
:omes the big value to which Tdiff [%] exceeds about 50%, the drive with the actual effect of a last condition may be 
luenced. Tdiff [%] is [ a potential bistable-element property ] discovered in being large, and this is imagined to be 
:ause for last condition hysteresis to remain after black reset. Therefore, also in the liquid crystal device of this 
'ention, the hysteresis parameter Tdiff [%] was evaluated as an index of monostable nature, and it has set up to 50% 
less. 

)52] Next, in the second liquid crystal device of this invention, it is a active-matrix liquid crystal device, and the 
)ntaneous polarization value and the allowed value of internal ion are set as specific level. Although this point is 
Dlained below, as compared with gate-on time amount, it is late enough, i.e., reversal of the spontaneous polarization 
thin a gate "on" period and migration of internal ion come out only, and, for a certain reason, the response of liquid 
r stal and internal ion explains [ be / it / under / this explanation / setting ] them as a problem within the holding time 
er a gate "on" period (severest conditioning will be carried out). 

)53] Since it is given to the active-matrix eel so that the capacity CS usually called storage capacitance may become 
: liquid crystal capacity CLC and juxtaposition, when driver voltage VOP is impressed, into a liquid crystal device, 
• charge of only Q=VOPx (CLC+CS) is poured in as a charge Q. Subsequently, after charge impregnation is carried 
:, ion moves within a eel with the electrical potential difference impressed by reversal of spontaneous polarization and 
ocation of internal ion, i.e., a active-matrix drive, in a liquid crystal layer in the period (for example, one frame, 1 
Id period) of the time of initiation of a 1 certain pixel selection period to the time of initiation of the next selection 
iod, and the phenomenon reconstructed in the direction of eel thickness to new ion distribution ******, 
)54] Since a reversed part of spontaneous polarization is [ a rearranged part of 2xPS and internal ion ] Qt, the charge 
"2xPS+Qt" will move the movement magnitude of this charge. 

)55] In addition, the value of PS here may differ from PS value which is a value of the spontaneous polarization 
ich contributed to change of liquid crystal orientation, and is said with a liquid crystal ingredient physical -properties 
ue. That is, if it assumes that the liquid crystal molecule was reversed by 50% in the eel in order to obtain 
•meability 50% temporarily, the spontaneous polarization value which contributed to migration of an internal charge 
1 turn into 50% of value of PS value (PsO) said with a liquid crystal ingredient physical-properties value. However, 
ce this Ps value becomes equal to PsO when the electrical potential difference more than saturation voltage can be 
en and all liquid crystal molecules switch, Ps value should just consider PS value of a liquid crystal ingredient 
^sical -properties value after all. 

>56] On the other hand, the relocation part Qt of internal ion is a part which just involves on actual drive conditions 
electrical potential difference and frequency). 

»57] When the resistance of liquid crystal is low, the amount Qrest of charges which remains in a eel also with the 
irge which flows an OMIKKU resistance component decreases. When 60Hz drive is assumed in actually driving 
T, an one- frame period is 16.7ms. Within this period In order to make the electrical -potential-difference decrement 
the OMIKKU resistance component 10% or less It is necessary to carry out the volume-resistivity value of liquid 
stal more than 5x101 1-ohmcm (for the real liquid crystal resistance in 2-micrometer eel to be 1 .0xl08ohms) (the 
>acity of a liquid crystal layer calculates the dielectric constant epsilon of liquid crystal with CR time constant from 
-6.2 [nF/cm2], using 3.5-7, and eel thickness as 1-2 micrometers). 
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)58] On the contrary, if it is in the above-mentioned condition, the factor of others which explain a voltage drop 
low will become dominant. 

)59] Hereafter, the voltage drop by factors other than an OMIKKU resistance component is explained. 
)60] In the amount of charges which remains in the eel after relocation of the completion of switching and internal ion 
completed, Qrest becomes Qrest=VOPx(CLC+CS)- (2xPS+Qt). And the value Vrest of an internal electrical potential 
Terence is determined from the amount of residual charges expressed with the upper type, and the electrical -potential- 
Terence retention HVR is determined by the ratio of this value and applied voltage VOP. That is, it becomes 
/R=VrestA^OP=[/(CLC+CS)]A^OP=l-(2xPS+Qt)/{VOPx (CCL+CS)}. [ {VOPx(CLC+CS)- (2xPS+Qt)-} ] 
)61] As a common liquid crystal display, the capacity of a liquid crystal layer sets 1.3-5.3 [nF/cm2], and the drive 
iximum electrical potential difference to 5V supposing the matrix drive (an one- frame period is 16.7ms) of 60Hz 
ve, using 3-6, and eel thickness as 1-2 micrometers for the dielectric constant epsilon of liquid crystal. At this time, 
) maximum of "Qt" of an upper type serves as Qt measured within the pulse for 5 V and 16.7ms. Here, in order to 
:ure a numerical aperture above to some extent supposing the XGA-SXGA panel of 10-20 inch size, it is necessary to 
tke retention volume CS into less than 5 times of the capacity CLC of a liquid crystal layer. 
)62] It is necessary to make "2xPS+Qt" of an upper type below into 30 [nC/cm2] as 50% or more as a value with 
sirable electrical-potential-difference retention. Moreover, as a more desirable value of electrical-potential-difference 
ention if 80% or more, it is necessary to make "2xPS+Qt" below into 12 [nC/cm2]. 

)63] Moreover, it is necessary to set up the mobility value of TFT so that charge impregnation of only VOPx 
LC+CS) may be completed in a gate "on" period (a gate "on" period is a minimum of 16.3 microseconds when a 
3A-SXGA panel is assumed). 

)64] As stated above, it is necessary to choose a liquid crystal ingredient and an orientation film ingredient suitably 
low 30 [nC/cm2], in order to make the value of "2xPS+Qt" below into 12 [nC/cm2] especially preferably, the 
editions of such an amount of ion, and, and to perform purification etc. if needed. 

)65] If the "content ratio of an ester frame compound" is 50% or less when it inquires wholeheartedly paying attention 
the content ratio of the compound which has the ester frame in a liquid crystal constituent, especially this invention 
rsons Can make below into 30 [nC/cm2] effective-Q t measured within the pulse for 5 V and 16.7ms, and if the 
itent ratio of an ester frame compound is 20% or less further The result which can make below 12 [nC/cm2] 
ective-Q t measured within the pulse for 5V and 16.7ms was obtained. 

)66] Here, since magnitude of PS was able to be set up almost freely by changing the ratio of a chiral component (0 - 
dozens of), the case where PS was close to the minimum value 0 was assumed. 

)67] In addition, carrying out an alternating current drive is indicated by JP,6-105332,B using the liquid crystal 
jredient which has a Ch phase-SmC* phase transition sequence about the liquid crystal device which can take a 
■nostable condition at the time of no electrical-potential-difference impressing. However, in a liquid crystal device 
en in the official report concerned, if applied-voltage-transmitted light reinforcement is seen, the electrical-potential- 
ference range which has a memory condition exists, a hysteresis is also large, and the method of a transmission rise 
3r the increment in applied voltage also has a threshold substantially, and because it is steep, even if it uses a active- 
trix drive, stable gradation control cannot be performed. Moreover, from a viewpoint that the ester system compound 
lsed as a principal component as a liquid crystal ingredient, removal of the impurity in a liquid crystal ingredient is 
ficult, liquid crystal purity cannot be made high enough with a component given [ concerned ] in an official report, 
1 the electrical-potential-difference retention in a active-matrix drive cannot be secured to the drive concerned, it is 
mitable. 

»68] Hereafter, with reference to drawing 1 1 , 1 operation gestalt of the liquid crystal device of this invention is 
)lained. 

>69] In the liquid crystal device 80 shown in this drawing, the eel which pinched the liquid crystal 85 in which a 
ral smectic phase is shown between substrates which consist of ingredient with high transparency, such as glass [ of a 
r ] and plastics, 81a, and 81b has structure fastened between polarizing plate 87a of the pair the pair and the 
arization shaft crossed at right angles mutually, and 87b. 

►70] The electrodes 82a and 82b which become Substrates 81a and 81b from ingredients, such as In203 for 
Dressing an electrical potential difference to liquid crystal 85, respectively and ITO, are formed for example, in the 
pe of a stripe, and these cross mutually and form matrix electrode structure (simple matrix). Moreover, it is desirable 
irrange a dot-like transparent electrode in the shape of a matrix to a substrate so that while may mention later, to 
meet switching elements, such as TFT and MIM (Metal-Insulator-Metal), to each transparent electrode, to prepare 
counterelectrode of the whole surface top of the substrate of another side or a predetermined pattern, and to make it 
ive-matrix structure. 
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)71] On electrode 82a and 82b, the insulator layers 83a and 83b which consist of an ingredient with the function of 
eventing these short-circuit if needed of Si02, Ti02, and Ta205 grade are formed, respectively. 
)72] Furthermore, on insulator layer 83a and 83b, liquid crystal 85 is touched and the orientation control film 84a and 
b which functions in order to control the orientation condition is formed. Uniaxial orientation processing is performed 
at least one side of these orientation control film 84a and 84b. As this film, the method vacuum evaporationo film of 
nting of the inorganic material which vapor-deposited oxides, such as a thing which performed rubbing processing 
r example, the direction of the arrow head A shown in this drawing), or SiO, and a nitride from across at an angle of 
^determined to the substrate can be used for the front face of the film which carried out solution coating of the organic 
iterials, such as polyimide, polyimidoamide, a polyamide, and polyvinyl alcohol, for example. In addition, about the 
entation control film 84a and 84b, the pre tilt angle (include angle made to a film surface near the orientation control 
tl interface of a liquid crystal molecule) of the molecule of liquid crystal 85 is adjusted according to the conditions of 
ection of the ingredient, and processings (uniaxial orientation processing etc.) etc. 

)73] Moreover, when the orientation control film 84a and 84b is film with which uniaxial orientation processing was 
ide by each, it can set up so that it may cross parallel, anti-parallel, or in 45 degrees or less according to the liquid 
'stal ingredient using the uniaxial orientation processing direction (especially the direction of rubbing) of each film. 
)74] In addition, since it is considered to be the origin of uniaxial orientation regulation that the organic orientation 
ii is enough extended for the value of a retardation in one [ at least ] substrate as orientation control film, using the 
*anic film, it is desirable to consider as the magnitude of 0.05nm or more. 

)75] In the liquid crystal device of this invention, it is needed for monostable-izing of the liquid crystal molecule at 
* time of no electrical-potential-difference impressing (average molecule shaft) that uniaxial orientation restraining 
ce is large enough. The method of evaluating orientation restraining force using cholesteric liquid crystal is proposed 
Uchida and others (Liquid Crystals, 5, p.l 127 (1989)) about this orientation restraining force. That is, orientation 
training force can be evaluated by evaluating "effective angle of torsion" determined by the torque balance of the 
ral pitch in a cholesteric phase, and orientation restraining force. This invention also defines this uniaxial orientation 
training force as follows using this idea. If the cholesteric pitch in Ch phase is made into p and the eel thickness dg 
ten Ch phase exists in the component of this invention, when orientation restraining force does not exist, if angle-of- 
sion [ within a eel ] phi, it will become relation 2pi [ dg/p=phi / ] Unrelated. Moreover, in the vertical substrate, 
iaxial orientation regulation is carried out in parallel, and phi becomes zero when orientation restraining force is 
inite. In addition, the value of this phi can be easily evaluated by measuring optical activity under a polarization 
croscope like Uchida's and others report. Namely, in a eel, it has larger virtual pitch p* (= 2 pi-dg/phi) than the 
ginal pitch p according to orientation restraining force, and orientation restraining force can also be put in another 
y as infinite at the time of orientation restraining force zero and p*= infinity at the time of p*=p. 
)76] It is desirable to be set to p*>=2xp at least in this invention for monostable-izing. Being set to p*>=10xp is more 
>irable. It is desirable to adjust suitably uniaxial orientation processing conditions (rubbing conditions etc.), 
entation thickness, an orientation membrane type, baking conditions, etc. in consideration of what serves as these 
ues. 

)77] Substrates 81a and 81b have countered through a spacer 86. This spacer 86 determines the distance between 
bstrates 81a and 81b (eel gap), and a silica bead etc. is used. Although the optimal range and a upper limit change 
:h differences in a liquid crystal ingredient about the eel gap determined here, it is desirable to set it as the range of 
-10 micrometers in order to make uniform uniaxial orientation nature and the orientation condition which sets the 
ne the shaft of the average direction of an orientation processing shaft as the average molecule shaft of a liquid 
stal molecule substantially mostly at the time of no electrical-potential-difference impressing discover. 
178] The adhesion particle which consists of resin ingredients, such as an epoxy resin, etc. can also be distributed in 
ler in addition to a spacer 86 to raise the adhesive property between substrate 11a and 1 lb and to raise the shock 
istance of the liquid crystal in which a chiral smectic phase is shown (not shown). 

)79] In the liquid crystal device 80 of the above-mentioned structure, about the liquid crystal 85 in which a chiral 
ectic phase is shown If the content ratio of the compound which adjusts the presentation of the ingredient and has the 
sr frame preferably is 50% or less Furthermore, by setting up suitably the ingredient of processing of a liquid crystal 
jedient or the component configuration 84a and 84b, for example, orientation control film, processing conditions, 
. As shown in above-mentioned drawing_3 (b), drawing 6 , and 7, in the time of no electrical-potential-difference 
Dressing The average molecule shaft (liquid crystal molecule) of this liquid crystal is substantially in agreement with 
an average of 1 shaft orientation processing shaft, and the orientation condition made monostable is shown, 
lenever [ on the basis of the location where an average molecule shaft is made monostable according to the 
gnitude of applied voltage at the time of one polar (the first polarity) electrical-potential-difference impression in the 
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le of a drive / tilt angle ] changes continuously. At the time of polar (the second polarity) electrical-potential- 
Terence impression of another side, the average molecule shaft of liquid crystal is substantially in agreement with an 
erage uniaxial orientation processing shaft like the time of no electrical-potential-difference impressing, and it carries 
t for showing a property which does not carry out a tilt with the magnitude of applied voltage, either. The condition of 
ving disappeared memory nature with the SmC* phase by processing of 1-4 preferably mentioned above using what 
)ws the phase transition sequence of an I phase-Ch phase-SmC* phase or the phase transition sequence of an I phase- 
iC* phase under the temperature fall as a liquid crystal ingredient in which a chiral smectic phase is shown is formed. 

)80] Furthermore, it considers as a setup of gamma and a hysterics TERISU property which were mentioned above, 
i the amount of ion by adjustment of a liquid crystal ingredient etc. 

)81] In addition, it is desirable to set up the whorl pitch in the PARUKU condition of liquid crystal which shows a 
iral smectic phase the more than twice of a eel gap. 

)82] It is controllable by the property as shown at drawing 8 with the change with such a tilt angle continuous 
repare a polarizing plate in one side at least, arrange a eel so that it may be in the maximum dark condition in the 
te of no electrical-potential-difference impressing, and ] at the time of electrical-potential-difference impression of 
bstrates 81a and 81b under such a property in analog with the amount of transmitted lights of a component (outgoing 
liation quantity of light) to electrical-potential-difference change. 

)83] In the liquid crystal device concerned, it is good also as an electrochromatic display component which resembled 
i one side of Substrates 81a and 81b, and prepared the color filter of R, G, and B at least. 

)84] In addition, the liquid crystal device of the transparency mold with which the liquid crystal device concerned 
spared the polarizing plate of a pair in the substrate of both substrates 81a and 81b, Namely, the component of the 
>e are the substrate of translucency, and whose all of Substrates 81a and 81b modulate the incident light (for example, 
ht by the external light source) from one substrate side, and it carries out outgoing radiation to the other side, Or use a 
lexibility ingredient for the member which forms a reflecting plate in a liquid crystal device [ which prepared the 
larizing plate in one substrate / of a reflective mold ], i.e., either of substratesa [ 81 ] and 81b, side, or is prepared in 
s substrate itself or substrate, and incident light and the reflected light are modulated. It is applicable to all of the 
nponent of the type which carries out outgoing radiation of the light to the same side as incident light. 
)85] The liquid crystal display component which uses the property that prepare the drive circuit which supplies a 
idation signal to an above-mentioned liquid crystal device, and change of whenever [ from the monostable location of 
: average molecule shaft of liquid crystal / continuous tilt angle ] and the amount of transmitted lights of a liquid 
r stal part change with impression of an electrical potential difference which was mentioned above continuously, and 
•forms a gradation display can consist of this inventions. For example, an analog gradation display is attained using 
• active-matrix substrate equipped with TFT which was mentioned above as one substrate of a liquid crystal device by 
•forming the active-matrix drive by amplitude modulation in a drive circuit. 

)86] With reference to drawi ng 12 -14, the example using such a active-matrix substrate is explained in the liquid 
stal device of this invention. 

)87] Drawing 12 is the form equipped with the driving means, and shows the component concerned typically focusing 
the configuration of one substrate (active-matrix substrate). 

)88] In the panel section 90 which is equivalent to a liquid crystal device with the configuration shown in drawing 12 
e gate line Gl of the direction of drawing waterworks Taira equivalent to the scanning line connected with the scan 
nal driver 91 which is a driving means, and G2 — , It is prepared so that it may intersect perpendicularly, where S2 — 
nsulated mutually, the source line SI of the drawing top lengthwise direction equivalent to the information signal line 
inected with the information signal driver 92 which is a driving means. The thin film transistor (TFT) 94 and the 
el electrode 95 which are equivalent to a switching element corresponding to the pixel of each of that intersection are 
pared (this drawing shows only a 5x5 -pixel field for simplification). In addition, it is MIM (a component can also be 
:d.) besides TFT as a switching element. The gate line Gl and G2 — are connected to the gate electrode (not shown) 
IFT94, the source line SI and S2 — are connected to the source electrode (not shown) of TFT94, and the pixel 
ctrode 15 is connected to the drain electrode (not shown) of TFT94. It sets in this configuration and they are the gate 
3S Gl and G2 by the scan signal driver 91. — For example, scan selection is made, gate voltage is supplied to line 
;uential, and synchronizing with scan selection of this gate line, from the information signal driver 92, the 
Drmation signal electrical potential difference according to the information written in each pixel is supplied to the 
iree line SI and S2 — , and is impressed to each pixel electrode through TFT94. 

•89] Drawing 13 shows an example of the cross- section structure of each pixel part (1 bit) in a panel configuration as 
iwn in dr awi ng 12 . Between the active-matrix substrate 20 equipped with TFT94 and the pixel electrode 95, and the 
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posite substrate 40 equipped with the common electrode 42, the liquid crystal layer 49 which has spontaneous 
larization is pinched, and the liquid crystal capacity (CLC) 31 consists of structures shown in this drawing. 
)90] About the active-matrix substrate 20, the example which used the amorphous silicon TFT as TFT94 is shown. 
T94 is formed on the substrate 21 which consists of glass etc., the a-Si layer 24 is formed through the insulator layer 
ite dielectric film) 23 which consists of ingredients, such as silicon nitride (SiNx), on the gate line Gl shown in 
iwing 12 , and the gate electrode 50 linked to G2 — , and on this a-Si layer 24, through the n+a-Si layers 25 and 26, the 
irce electrode 27 and the drain electrode 28 estrange mutually, and are prepared, respectively. It connected with the 
arce line SI shown in drawing 12 , and S2 --, and the source electrode 27 has connected the drain electrode 28 to the 
:el electrode 95 which consists of transparence electric conduction film, such as ITO film. Moreover, the channel 
)tective coat 29 has covered the a-Si layer 24 top in TFT94. In the period when scan selection of the corresponding 
te line was made, a gate pulse will be impressed to the gate electrode 22, and this TFT94 will be in an ON state. 
)91] Furthermore, in the active-matrix substrate 20, retention volume (CS) 32 is formed in the forms of the liquid 
'stal layer 50 and juxtaposition according to the structure which pinched the insulator layer 23 (the insulator layer on 
: gate electrode 22, and film prepared for the continuation target) with the pixel electrode 95 and the retention volume 
:ctrode 30 prepared in the glass substrate side of this electrode. Since a numerical aperture falls when the area is large, 
etention volume electrode is formed with transparence electric conduction film, such as ITO film. 
)92] On TFT14 of the active-matrix substrate 20, and the pixel electrode 95, orientation film 32a to which uniaxial 
entation processing of the rubbing processing for controlling the orientation condition of liquid crystal etc. was 
rformed is prepared. 

)93] On the other hand, in the opposite substrate 40, the laminating of the orientation film 32b for controlling the 
nmon electrode 42 and the orientation condition of liquid crystal by the same thickness as the whole surface on a 
tss substrate 41 is carried out. 

)94] In addition, the above-mentioned cellular structure is pinched between the polarizing plates of the pair which has 
; relation a relation and a polarization shaft crossed at right angles mutually (not shown). 
)95] In the pixel part of the panel of the above-mentioned structure, the liquid crystal which has spontaneous 
larization, for example, the liquid crystal which presents a chiral smectic phase, is used as a liquid crystal layer 49. 
td the liquid crystal layer 49 is set up so that drawing 3 , an orientation condition as shown in 6, 7, and 8, and an 
deal property may be shown. 

)96] In addition, in a panel configuration as shown in drawing 12 and 13, the substrate equipped with polycrystal Si 
Si) TFT can be used as a active-matrix substrate. 

)97] The equal circuit of the pixel part of the panel shown in drawi ng 13 is shown in drawing 14 . 
)98] The active-matrix drive which used the property in the liquid crystal device of the above-mentioned structure 
ih reference to drawing 14 and drawing 1 5 is described. In the active-matrix drive in the liquid crystal equipment of 
s invention, the period (one frame) for displaying the information set, for example to 1 pixel is divided into two or 
►re fields (for example, IF and 2F which are shown in drawing 1 5 ), and the condition according to predetermined 
brmation is formed on the average in the these 2 field. Below, the example divided into the 2 fields in case an optical 
>perty as the liquid crystal layer 49 shows to drawing 8 is shown is explained. 

)99] When dra wing 15 (a) pays its attention to 1 pixel, it shows the electrical potential difference impressed to 1 gate 
s used as the scanning line linked to the pixel concerned. With the liquid crystal equipment of the above-mentioned 
acture, they are the gate lines Gl and G2 for every field. — For example, it will be chosen by line sequential, the 
determined gate voltage Vg will be impressed to 1 gate line in a selection period Ton, an electrical potential 
ference Vg will join the gate electrode 22, and TFT94 will be in an ON state. An electrical potential difference does 
: join the gate electrode 22 at the non-selection period Toff equivalent to the period when other gate lines are chosen, 
: TFT 12 will be in a high resistance condition (OFF state), the same predetermined gate line is chosen for every Toff, 
1 gate voltage Vg is impressed to the gate electrode 22. 

00] Drawing. 15 (b) shows the electrical potential difference Vs impressed to the information signal line (source line) 
the pixel concerned. As drawing 1 5 (a) shows, when gate voltage is impressed to the gate electrode 22 in a selection 
iod Ton in each field, the predetermined source electrical potential difference (information signal electrical potential 
ference) Vs (let a reference potential be the potential Vc of the common electrode 42) is impressed to the source 
ctrode 27 from the source line SI used as the information line which connects with the pixel concerned 
ichronizing with this, and S2 

01] Here, in the first field (IF) which constitutes one frame, the source electrical potential difference (information 
nal electrical potential difference) (let a reference potential be the potential Vc of the common electrode 42) of the 
light polarity of the level Vx according to the optical condition or display information (transmission) which it is 
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ing to acquire by the pixel concerned based on an electrical-potential-difference-transmission property as shown in 
iwing 8 according to the information written in the pixel concerned, for example, the liquid crystal to be used, is 
pressed. Since TFT 14 is an ON state at this time, the electrical potential difference Vx impressed to the above- 
rationed source electrode 27 is impressed to a pixel electrode (95) through the drain electrode 28, charge is made by 
j liquid crystal capacity (Clc) 3 1 and retention volume 32 (Cs), and the potential of a pixel electrode becomes the 
brmation signal electrical potential difference Vx. Then, since TFT 14 serves as high resistance (OFF state) in the 
n-selection period Toff of the gate line by which the pixel concerned belongs, with a liquid crystal cell (liquid crystal 
Dacity Clc) 3 1 and retention volume (Cs) 32, the condition that the charge charged in the selection period Ton was 
cumulated is maintained, and an electrical potential difference Vx is held at this non-selection period, and the liquid 
'stal layer 49 in the pixel concerned ~ the 1st — an electrical potential difference Vx is impressed through the period 
field IF. 

i02] Next, in the selection period Ton of the second field (2F), the source electrical potential difference (- Vx) which 
clarity is reverse and has the same electrical-potential-difference value Vx substantially is impressed to the source 
strode 27 in the first field IF. At this time, TFT 14 is an ON state and it is an electrical potential difference to the 
:el electrode 95. - Vx is impressed, charge is made by the liquid crystal capacity (Clc) 31 and retention volume 32 
s), and the potential of a pixel electrode is an information signal electrical potential difference. - It is set to Vx. Then, 
: condition that the charge charged in the selection period Ton was accumulated in this non-selection period with a 
uid crystal cell (liquid crystal capacity Clc) 31 and retention volume (Cs) 32 since TFT 14 served as high resistance 
FF state) in the non-selection period Toff is maintained, and it is an electrical potential difference. - Vx is held. And it 
5 the 2nd field 2F period pass in the liquid crystal layer 49 in the pixel concerned, and is an electrical potential 
ference. - Vx is impressed. 

03] Drawing 15 (d) shows typically the actual optical response (optical response in the case where a transparency 
>ld liquid crystal device is carried out) of the liquid crystal in the pixel concerned for the electrical-potential- 
ference value Vpix which drawing 15 (c) is actually held at liquid crystal capacity and retention volume of the pixel 
icerned which were mentioned above, and is impressed to the liquid crystal layer 49. As shown in (c), applied voltage 
)nly the same level (absolute value) Vx which the polarity reversed mutually through the 2 fields IF and 2F. on the 
ter hand, it is shown in (d) - as - the first - in field IF, the gradation display condition (the amount of transmitted 
hts) according to Vx obtains based on the property shown in _drawing_8 — having — the second - in field 2F, the 
iount of transmitted lights serves as 0 level substantially by -Vx. Therefore, in one frame in the whole, Tx and the 
tount of transmitted lights which averaged 0 are obtained. 

04] While the gradation display based on good high-speed responsibility is attained by the case where the liquid 
'stal in which a chiral smectic phase is shown is used in a active-matrix drive which was mentioned above, in order to 
'ide into the first field of the high amount of transmitted lights, and the second field of the low amount of transmitted 
hts the gradation display of the level which is 1 pixel and to perform it continuously, a time-amount numerical 
srture becomes 50 % or less, and the animation high-speed response characteristic which human being's eyes sense 
o becomes good. Moreover, since the electrical potential difference of the same level inverts in the first and the 
;ond field and it is impressed by the liquid crystal layer 49, the electrical potential difference actually impressed to the 
uid crystal layer 49 is alternating-current-ized, and degradation of liquid crystal prevents. 

05] choosing and impressing the electrical -potential-difference value which can obtain the amount of transmitted 
hts only with big predetermined level according to the image information (gradation information) which it is actually 
ing to obtain by the pixel concerned with the frame concerned about the information signal electrical potential 
ference Vs in accordance with the property shown in drawing 8 for the above-mentioned mechanism — it is — the first 
n field IF, it is desirable to display the gradation condition in the amount of level transmitted lights higher than a 
>ired gradation condition. 
06] 

cample] (Example 1) 

oduction of a liquid crystal cell) Thickness 1.1 which formed the 700A ITO film as a transparent electrode (electrode 
face product lcm2) The glass substrate of a pair was prepared. After applying SE-7992 (the Nissan chemistry 
npany make) of marketing with the spin coat method as TFT orientation film on the transparent electrode of this 
>strate and performing predrying for [ 80 degrees-C ] 5 minutes after that, heating baking was given at 200 degrees C 
1 hour, and the polyimide coat of 200A of thickness was obtained. In addition, when commercial KN5015LA 
lisso Corp. make) was poured in as a high grade liquid crystal ingredient for TFT into the eel using this orientation 
n and the amount of ion was measured, it had become below the measurement limitation. Therefore, suppose that it is 
isidered from it being thought that there is no generating of the impurity ion from this orientation film that all the 
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lounts of the impurity in the following examples are the amounts of impurity ion which the liquid crystal ingredient 
slf has. 

107] Then, rubbing processing by nylon cloth was performed as uniaxial orientation processing to the polyimide film 
the substrate concerned. The conditions of rubbing processing are a path 10. The rubbing roll which stuck nylon (NF- 
Teijin make) on the roll is used, and it is the amount 0.3 of pushing. It considered as 10/sec of feed rates, rotational 
quency 1 OOOrpm, and four counts of delivery. 

08] Then, sprinkled the silica bead of 1 .6 micrometers of mean diameters, it was made to counter as a spacer, on one 
>strate, so that the rubbing processing direction of each substrate may serve as anti-parallel (antiparallel) mutually, 
1 the eel (empty eel of a single pixel) of a uniform eel gap (1 .55 micrometers) was obtained. 

09] In addition, it was 0.08nm when the birefringence phase contrast (retardation) of this eel was measured by the 
lowing approach. 

10] The measurement of potential-index-of-refraction phase reference (retardation) is as follows. 

1 1] Equipment is ORC Manufacturing Make. Automatic birefringence measuring device ADR-300 LC-A was used, 
is equipment consists of a X-Y automatic positioning stage and a body with exclusive optical system and a wall box, 
ontrol personal computer, etc. Moreover, optical system is using helium-Ne laser. 

12] Measurement carries out incidence of the laser at 0 degree (vertical incidence) of angles of incidence, rotates 360 
>rees of stages which set the measurement board, and is calculating and calculating the index ellipsoid from the value 
the detected birefringence phase contrast. 

13] Actual measurement was performed as follows. 

14] To the ITO substrate of 75 angles, the orientation film was applied and calcinated by predetermined thickness, 
i it set in this equipment. This is a thing except the effect of the birefringence of a glass substrate and an orientation 
n substrate to perform for accumulating (background measurement). 

15] Here, it set to 0 degree tilt angle of 0 degree of incidence azimuths, the refractive index of the predetermined 
entation film and thickness were inputted, and measurement was started. The measure point at this time measured 81 
nts, and obtained that average. 

16] Next, this substrate was taken out, rubbing was carried out on condition that predetermined, and same actuation 
s performed. Predetermined birefringence phase contrast (retardation) is searched for by lengthening the 
efringence phase contrast data of the background from the birefringence phase contrast data after measurement and 
>bing. 

17] (Creation of a active-matrix eel) It considers as the active-matrix substrate which has a-SiTFT further equipped 
h the silicon nitride film by using one substrate as gate dielectric film using the same ingredient as the above and the 
isparent electrode of conditions, and the polyimide orientation film, and has the color filter of R, G, and B in one 
>strate, and the active-matrix eel (panel) of the pixel structure shown in drawing 1 0 was produced. In addition, the 
rage capacitance (CS) in TFT was set up so that it might be 5 times the capacity (CLC) of each liquid crystal. The 
een size set 10.4 inches and the number of pixels to 800x600xRGB. 

18] (Preparation of a liquid crystal constituent) The following liquid crystallinity compound was mixed by the 

lowing weight ratio, respectively, and liquid crystal constituent A-G was adjusted. 

19] 
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120] The whorl pitch in spontaneous polarization [ in / for the phase transition temperature at the time of the 
nperature fall from an isotropic phase / Tc-T=10 degree C ], a tilt angle, and a SmC* phase is shown in Table 2 in 
ble 3 as a physical-properties parameter of above-mentioned liquid crystal constituent A-G. 
121] 
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23] Liquid crystal constituent A-G was poured into each of the single pixel eel (1) produced in the above-mentioned 
>cess, and a active-matrix eel (2) at the temperature of an isotropic phase, liquid crystal was cooled to the temperature 
ich shows a chiral smectic liquid crystal phase, and liquid crystal device sample A (1) - G (1), A (2) - G (2) were 
)duced, respectively. Processing which impresses the offset (direct current) electrical potential difference of -3V 
ibre and after Ch-SmC* phase transition, and is cooled was performed at the time of this cooling. The following 
Uuation was performed about this sample. 

24] 1. Orientation condition component sample A (1) Polarization microscope observation was performed about the 
entation condition of the liquid crystal of -G (1). 

25] Consequently, the almost uniform orientation condition that were in the orientation condition that the maximum 
* * becomes almost parallel to the direction of rubbing, and the direction of a layer normal had only an one direction 
:he whole eel was observed. 

26] 2. It has arranged so that a eel may be set with a polarization microscope with a photomultiplier under a cross 
zoVs prism, a polarization shaft may be set in the direction of rubbing about component sample A(l)-G(l) and it 
y become dark field, in order to measure the electro-optics response which a triangular wave response liquid crystal 
/ice shows. 

27] When the optical response at the time of impressing a triangular wave (**5V and 0.2Hz) to this in Tc-T=10 
jree C was observed, and the response to straight polarity raised electrical-potential-difference reinforcement, on the 
er hand, it turned out to the amount of transmitted lights increasing gradually according to it that the amount of 
ismitted lights does not change from the black condition at the time of no electric-field impressing substantially by 
response to negative polarity. 

28] Moreover, when the electrical potential difference was cut from the condition (white display) which impressed 
straight polarity electrical potential difference, easing to a black condition (switching) was checked. 
29] Moreover, the threshold to which gamma characteristics are loose and start also in which component sample has 
ulted in not existing clearly as this optical response shows. Namely, when the electrical potential difference to which 
amount of transmitted lights reaches 95% of the amount of the maximum transmitted lights V5% in the electrical 
ential difference to which the amount of transmitted lights reaches 5% of the amount of the maximum transmitted 
its in a standup curve was made into V95% and it was defined as gamma=V 95%/V5%, as for the value of gamma, 
3 or more values were shown also in which component sample. This result shows excelling in continuation story 
ality. 

30] Subsequently, the amount of hystereses was evaluated. When the electrical potential difference to which the 
ount of transmitted lights reaches 50% of the amount of the maximum transmitted lights at the time of Vu and falling 
he electrical potential difference in a triangular wave response curve to which it starts and the amount of transmitted 
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hts sometimes reaches 50% of the amount of the maximum transmitted lights was defined as Vd here and the 
metrical potential difference of (Vu+Vd)/2 was impressed here, the difference Tdiff of the two amount values Tu and 
of transmitted lights acquired [ for ] was evaluated about each sample. A result is shown in Table 4. 
131] 
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.32] Although it is what the value of a hysteresis is over 50 (%) and a problem produces to the gradation display 
xire in a TFT drive from this result about component sample A (1) and B (1), about the component sample C (1) - G 
, the hysteresis can also expect the small good gradation display engine performance. 

.33] 3. Square wave response component sample A (1) Optical level was measured impressing a 60Hz square wave 
i changing an electrical potential difference (the range of +5V--5V) about -G (1), using the same equipment as a 
ingular wave response. 

34] Consequently, it was possible to have changed an intensity level by all components answering only the electrical 
tential difference of straight polarity, and changing a voltage level. However, since the above-mentioned hysteresis 
s large about component sample A (1) and B (1), the optical response was the component from which the halftone 
bilized depending on the last condition cannot be acquired. 

.35] To it, about the component sample C (1) - G (1), since the above-mentioned hysteresis was small, it has checked 
.t the halftone which did not depend for the optical response on the last condition, but was stabilized was acquired, 
erefore, about the component sample C(l)-G(l), an analog gradation display is possible by the amplitude 
adulation by TFT active-matrix drive. 

36] Moreover, the build up time by square wave electrical -potential-difference (all saturation voltage is about 5v) 
pression of this straight polarity (time amount which serves as 90% of permeability of the permeability which it is 
ing to obtain by predetermined electrical-potential-difference impression from the maximum dark condition), The 
sed of response in falling time amount (time amount which serves as 1 0% of permeability of the permeability 
icerned from the saturation permeability condition in a predetermined electrical potential difference) On the occasion 
high- voltage (about 5 V) impression, on the occasion of low-battery (about IV) impression, it was 0.6 - 0.9ms, and 
; - 0.3ms, respectively, it was 1.6 - 2.1ms, and 0.3 - 0.5ms, respectively, and even if compared with switching with a 
nmon nematic liquid crystal, high-speed responsibility was checked. 

37] 4. About measurement component sample [ of the amount of ion, and electrical -potential-difference retention ] A 
- G (1), a rearranged part (Qt) and the electrical-potential-difference retention of the internal ion in Tc-T=10 degree 
and the real liquid crystal resistance in a eel were measured. 

38] A result is shown in Table 5-7. Here, although the volume-resistivity value of the liquid crystal in Table 6 is a 
ue measured in eel gap 2micrometer aluminum electrode eel, it is nearly completely in agreement with the value 
nputed from the real liquid crystal resistance of component sample A(l)-G(l). Moreover, time constant count of 

calculation electrical -potential-difference retention in Table 7 is carried out from the real liquid crystal resistance 
I liquid crystal capacity (2nF) in a cel. 

39] Applied voltage was set to **5V at measurement using the liquid crystal electrical-potential-difference retention 
jing system (VHR-1 A / smooth S form) by TOYO [ Corp. ] Corp., and the liquid crystal cell ion density gaging 
tern, the value of the internal electrical potential difference after 16.7msec(s) was measured from the time of gate 
nal OFF, and it asked for the electrical-potential-difference retention in each sample by computing the ratio of 
)lied-voltage 5V. 
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.43] 5. Subjectivity evaluation of the image quality evaluation of a panel was carried out using sample A (2) which is 
ctive-matrix panel using the panel evaluation TFT - G (2). The result is shown in Table 8. 
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45] Although C (2) and D (2) are a little dark as this result shows, there is no problem of color reproduction nature or 
after-image, and the high-definition liquid crystal display also with the good display of the dynamic image by the 
Ji-speed response engine performance can be realized. Furthermore, the high-definition liquid crystal display also 
h E (2), F (2), bright G (2), and the good display of the color reproduction nature and the dynamic image which an 
sr-image does not have, either is realized. 
46] 

feet of the Invention] According to this invention, as explained in full detail above, it is a liquid crystal device using 
liquid crystal in which a chiral smectic phase is shown, and a high-speed response and gradation control are 
;sible, and the liquid crystal device excellent in the quality of an animation is offered. 
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[0 0 2 5] L*»Lfca*& N CKO-ttSl^tea©** 
(A) ^Pg"9^<ifa(Cjfiv^^5r^-rS t, -fiSS 

ltU2(OSftt (*7V->t*) (C^fi^^tt^V^ 
tt-f-Cfc-S (0 4(a)) „ Lfc^oT, Ch-SmC*ft 

20 [0 0 2 6] ifc^T\ — ttBe(o]«!ia5rliSLTV^'b©(7) 

(04(b)) % uiiu2i; 

m^x^^'y^Mcmm^^L. 

^^(c/.cSo L^L/t*SP )x *©i4(b)rotiflt 
m&7£<D— Jj<Oftm&&feX-t3iibZ> fc<7)<73, t 5 -#<0 

ttRfliliiJff^Bfll 1 4 5 r t e>*iS. 
[0027] n 4 (c) K^i-«fc 5 (--tegatfii^a 

[0 0 2 8] 0 4 (aJJCtJftS^^^^^r— 

ju^—m^(om^t:hhii>Citi&<B^LXis< 

s*lv\ mfammmt Lx\nm&<o+$m 

[0 0 2 9] 03 (b) ^-f-Ch-SmC*tBfe^(7) 
0 5tC*i-J; 9tC2i®>9<7)m4ofcgi£i^*|ni (L 
so Nl&tfLN2) Sr^-r^^^f-^^gWig^^-t-^ 
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ntf±EH 5 i'^-r<t 5*2 oj)^ v tmm&tf 
[oo3o] *&m<om-&xm-<DWi8i**K. 

IL, MtC^f B tl - ^roCh-SmC*tB^Wji§etw*SV'> 
-f-l 4£HK?B=J — ^1 5<0— 3:yi?l^gfjeflS$*, ^ 

©^^ytt^i^tfc s mc^wEiSrtKtt&w-cv* 

1) Ch-SmC*3Z.(4I -SmC*ffi^^|C-»© 
*«W^jE*V^-fn*>©D CWEEfcRttJP-f-S. 

2) ±T-»<oaaSKII*6*t»4>e>**BlSJ«ISrffiv^ 
£„ 

3) ±T-*t«>S«©El6]l»0*y»ifc 0K<E>«*J*&#, 

Tfto^Jkfcfli^-C'bJ:^. 
[00 3 1] ICfc-SDCPpJq&fti LTIi> D 

i^3- tSrjStt5fc«>{c:, DCliCh-SmC* 

0mVK± v 1 0 V«T<0®it<DD C1ES: Wt5 
[0 0 3 2] ±34Lfc±p**fi****&lf±1B2) ~ 

[0 0 3 3] #cl^T\ JWSBU^JftfiSRT-OElRUfcJIfi, HP 
*)Hl:*t±5<eSmC*ffitolii©-*t«ftflf| 

jc^LfcEi6i^ffi^*-rs-fe/w-*5v>T, «jEic*t-r 

Sffial^ 1 4 tOSfe*»3i-oV^TIll 6 RUM 7 £#J$ 
TN4, Stt&i&ro^urtT-roEiWfifco^T, -fevw± 

Ba»?>jifc*s\ (aiffi^^i,7 v c^-g-, um^-yfem^ 

[0 0 3 4] 0 6 (b) ic^-fj; o^MBMma^iS 
WCttttA&M 4 »4litf3P*S-ttEf6]«iS*[Sl (£EP 
R) tfiot, J.o«ft^iJ«£EB)*HwJ: 9*-f y^- 
Vi/Srff 9 (BB3- VI 5W-Sg (xyj;) fflicgfjeW 



12 

3° gAT) -CabOaft^l 4«5^U^hftiJ«i{>T 
(0 7 (a) ^i"El6]^li) , ifeSVMi* 

7 (b) t*i-El6l*ffi) *#*.P)*b5 0 
[0 0 3 5] r r T\ -#E|R]toa^r(S]R{C{i7tttC0- 
(P) £— S5c$*7c^o^^3/w|ll6 (d) Ttc-feyv- 

[0 0 3 6] -?:LT, «^.tf«*©^Ti-5ffl*f*a*tt 
An, -tevH¥£d t U A n d £ "PBEftO 2 1 j&ft 
ifi#K«:JfcLfc»g\ ±150 6 (b) Kl^-r«fcpftEl6] 

MDLfct #lc:ii0 6 (c) (CTfhJ- <fc 5 ic, 

4 «\ mjE«TOPR#<£>{iei-*f LT«E<?5fiH4»-J£ Cfc 

l4^P«JEO^$S{c^Dfct<Ot^2)„ ±IEfg 

«EE«rJQ*.;fc t # tCJi, 1 4 (4«JE«PnJDBf t 

[i^<D{£g(c<tif;£5 0 r5LT, &~<DM& (IE« 

fc*ftbT*#<Jfc9, ffifi^l 4 l 5 

[0037] r rr\ ^J^tf0 6 (d) {c^-f-<j:5*— 

©*ft4H- 1 4 <D{4B£»Pt L-7C^P h«)A«*S4 5 
° iO/h*V^»^-Cf±, «fi^l 4^5{g«^-vi 5 

1 4^<H©^ — VI 5 «^y^<D(*3<II(Cfo.5B#IC;j3^ 

[0 0 3 8] ±3*UfcJ;5*«Eft^ J ?-©^4'y^^^* 
KSr^-r^^WSil (V) -3t<0»ia* (T) if?M4<7> 

8|£7f;1- 0 IE1gttW«JEEPP*PBt(c:«^w«JEffi(-»oT 

■f, -V i-CfcoTfc»a*tt*ffi*fflta«#i:IPI«K:o 
[0 0 3 9] *^^<D{g H B B ^(73|ll 6 STJ 7 »C^i" J; 5 
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T fcfll&fcr 9 7- ■< TV h y y * * * Tfeffi * 

S**tlSI4f«>«l*!4*»5-i:i6S-Ct5. i 5 Lt, « 
*t*JS22IIIBM?«:fl3Wi:< t feiBI©^ Lfcttfi* 
-?• £ KES-t 5 r <t asujfiB £ & 5 0 

[0040] &^-c\ ^^©ttftji^f-roeiwtBfcfc 

So 

[0 04 1] iaiS.U J 2{C*-t-SSFLC-e»iB[Rj^ 

4 7J5S S F LCT'CD^S^Tjfx^v'-r/KO-^-filllCjfiV^ 

[0 0 4 2] -©x^i/df-flS (tKxV-^^/w) <D#t 
ffiro^e^/u-^rlH 9 S-L^Hl 1 0 lc^-f-„ 
[0 0 4 3] HI 9 (a) &Tf (b) liSSFLCtfclt 

lSO : A2«^S^ffiro**W^ffi<05K7 i Vv'^/P^ 

r^e>iaj:9we>*»ft«t5fc, cieisk C2E 

-So S S F LCICjol^TC lEftT'fcSil-g-, *£ift-g 
«#ffi-e<DjR^^<D|B#^«C 2 Eft T* J: <? 

h±%<teZ>tzV> (13 2 (a) (b) fc*5tta»K 

So 

[0 0 4 4] — El 0 (a) (b) JCli, #38 

fcClEfaftfffi, C 2ffi|P]#tf»<D*>!r|;io^T£;^Lfc 
t><DT'fcSo Blli, SEESlMPT-W^^OJjfxV 
(HI 6 (b) <73#-a-) . B 2 li— *<Dffitt<0«ffi 
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(06 (c) £^1% 

[0 0 4 5] _tj£<£S S F LC©MT*LfcJ; 5&C 

lEfa, C2Eft£v^5^££#1iraro^*;v*H*g 

tt*W«Cofct©lC/«CoT 5o Wfc:^*^— WB8 
(Dj85l/>C liB[fi]^ffi{C*3^Tfi > EllO (a) \Cm-*T & 
I^g^fVv't/HT)-* (Bl) *stt«lcS* 

20 [0 0 4 6] r*U£*rU C2gai^]^T*Ji, M£fe<D 

s s f l CT-ifcSii-g-o^/wdf— isss^iSvn t a» 
Hi io (b) tc*-fJ;5»c, (bi) tfttttiz 

2cj£fl2£ixfc#lii Lfc«^-{C t B 2 cD^ti*T*iii^&<3 
$6^, ine>©H*»6Cl©*iSSB»mEEds«<*9 

si/^t^a<5?T'#So 

[0047] si±^itM.^h, *&m<DWi&m+\zto 

[0 0 4 8] **W©«S*^-T?H:, H^KPPin^(0« 
xtfft&-f {fit, *(S«)TFTSr«itfc 

m*<o®&<D£?\c&ffi$L&\c$>\,^xmW}£tizm&\z 

<o1H4T*l4m(c*ffiiJ{c y -fe y h $tbfcm(-*#5itf t ^ 

rt s r t tmm$)\az t t&w 

[0 0 4 9] *%W<0%-<DWHkm*\CjS\,^XtL 
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[0 0 5 0] Z.tlbKX?D *S*m. RXfyte&SkTlz 

* (Siajtft) tv>5^77Sr»WUfci#. 131 etc 

**£fc3ll#«rjSiB*l 0 0%£ U iSifl*5%K**- 

U v =V9 5 %/v 5 %i^:a-r-5o ro 7 ffif4itA±fio 

* 0 WWHWtfBltJ: *S. »;:©t^ l i t) +^«- 
*#v^lWllMWfeK«*bfc*-T-»tt!iS|m-t-*. *» 

[0 0 5 1] t^f!) SsxttfrHftflU&VdMfclc 

*>tt 3 &*>±# •? NFlcjoV^T^jli^ 5 0 %(cjg-r SttJE 
£Vu, i£*,T^9B#(-*3V^-CSil*5 0%Clt5t 
E^rVdiSiU (Vu+Vd) /2 0>WE«rBMinL 
fcitlct •? H2o©gI$lTu ») , Td W) 

©iT diff [%) z^mmzjortz kxtv i/*s<7* 

^#ltL&<TkJ;^fc>tt-c&3ds, T diff 00 

Tdiff HO #*#^^fc«±»£tt*^££*^«H4 

5fc»^*)5 5i***ft5. f£oT, 
-f-lcfev^Ttt^xy 9 T diff C%) 

S^ttfOftliLTSiL, 5 0%«TtCs2£LTV> 

[0 0 5 2] *^BJro^-<Djg B B B ^T--CI4, T if 

T-jyThVfxm&m+X'h^x, &&&&&&&& 

^Mrm<n&ftmmftX<DffiMk VXMWLX\,^ (ft 

[0 0 5 3] 7^f^7 |>y ^-fc/HCteil^;* h U 



BUWLfcRfctt, Ml^ttttfQtLt, Q = V 
opx (c LC +c s ) tziKDmMtmAZtiZ* ft^T\ 

laBs whrtT'C?'*' h v * *mw>x\ hz-mmx 
<Dm&Mffl<omi&m>h&<DmftMm<Dffltei%-&X'<DM 

io [0 0 5 4] r. co«W^^ib*tt, e»^«oR<E4>iJ* 
[0 0 5 5] rrT?v^5Ps»lt«:*ftEl6j0^l2 

K5 0%^ia^Sr#57^«){c^Hl^ : F-* ?! -fe-'i'F*Jfc*5V'>-r 

Lfc g *#tttti«SW»4W4tt-ce 5 t r. 6 w P s « 
(PsO) ©5 0%fflftti5 o ilU &fiJf!ffi£l_h<D 

[0 0 5 6] ftglW^wSBBg^QtWu 

icn&nmm&tt- m&Rxim^m xm^-tzftxth 

[oo57] m^nmamm^m^, tm 
tiu&ttztftti a nmc x i x i> ± tuft icmw-t z nnm. 

Qrest* J *d>"*"S. T F TSr*^l^«li-StCfcfc «3 6 
OHzlgibSrS^Lfc^-a-, 1 7 U-A»Mttl6. 7ms -Cfc 

5X10 llQcmWJi (2 m m-fe/UT-roH^Hiefeiffl^ 1 . 
0X108Q) fci-S£,Bj6S*>5 (ffialW^S^t* 
3. 5~7, •fe/WffSr 1 ~2 /imt LT, ^hhS»^» 
141. 5~6. 2 [nF/cm2] it), CR^ifD" 

W) o 

[0 0 5 8] m{Z, ±5?.<Dg;ftftXhMt. «±^T 
40 [00 5 9] ^jStt^W^I-WSHfc 

[0060] *4 y^>-^TRxf^4^^<onmm. 

rest=V 0P X (C LC +C S ) - (2XP S +Q t ) t ^ 

fitv rest ris&££*u ^WffltEnj!ra«J±Voptroit(cJ; 
oT«J±»»*HVRj55^^ttS„ i-/£^*>, HVR 
= V res t/V 0 p= C {V 0P X (C LC +C S ) - (2XP S 
+ Q t ) ) / (C LC +C S ) ] /V 0P =1- (2XP S + 
50 Q t ) / {V 0P X (C C L+C S ) ) tfrZo 
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[0 0 6 1] -WiMf-f^/M i: 6 0Hz 

WKiro-v bV V *W® ( 1 y AJHIHtt 16. 7 m 
s ) L, MO^It$ t £ 3 ~ 6 , -fe/UffSr 1 ~ 

2(xmtLt, ttlioSiltl. 3~5. 3 [nF/c 
m2] , Kih*^:«ffiSr5 Vt-t6„ r©R#, Tq 
tj ©ft^fitt, 5V, 16. 7ms(D/^^rtT*SiJ£$tt 

•5Q t i&5o rrr% io~2 0^yfWX©xG 
5ffiF6)lrti:-i-S^»*s*>*. 

[0 0 6 2] «ffi&#s$tf>#*LVMiti U5 0%yJ: 
irLT, ±i£© r2XP s +Q t J tt, 3 0 [nC/cm2] jy. 

il<t LT8 0%Sl±k-fZ> £, r2XP s +Q t j II l 
2 [nC/cn.2] SkTlZ-T 

[0 0 6 3] *fc, ^— bX^Mffl (XGA~SXGA 
/^/W^ffll^Lfc^y- h*^JtBIBH4*/h 16. 3 /i 
s) rtt^VopX (C LC +C S ) fc'lT©t«aAii5^7t 

5. 

[0.0 6 4] Wi^fcijlc, i 5 L7b-r^->-*ro^ 
ft, r2XP s +Q t j ©M3 0 [nC/cn.2] KIT. 

»SL<I412 CnC/cm2] KJLT(C-r?,fcfc(C^ B W^ 

[0 0 6 5] WlCttfiifi^tWai^^ 

5 0%JWT-Cfctvl4, 5V, 16. 7msffl^Mrtt 
»S££;fc32l3bQt«r3 0 (nC/cm2] gjlTK-f 3*#tH 
*, $ b\£^X : TJUitmk'&®<nttit&& 2 0 %«T 
T'fctv(^ 5 V, 16. 7m s (D^VW^ rtT'S^Stv^ 
£%Q t £ 1 2 CnC/cm2] £HTJw-*-.S*i9«tti*$*S*«r 

[0 0 6 6] P S ©*££l4. #-f 7^fife5>© 

Jt*Sr*x.Sri:t?iatfaAt (0 -SH-W^HT*) H: 

3S>a& L7£ 0 

[0 0 6 7] ft, #^¥6- 1 0 5 3 3 2 ICfS, ChtS 
-SmC*^fe^?iJSr*-r6iK B B B W^5rfflV^T, «JE 

x y s/* < . mtnWE.WM\&ttt'&i&j&*±.B-<o 
£k&mt LX^X<T;\sZHk-£®)Z3if8.ftt LTffl^TJo 

9, «fitt»ifi©*tttt©l»*ifl<Bii-e*> 9, ttfittg 



(10) 

75 

[oo68] sat. in 1 1 z&m Lxjzmmom&m* 
<D--mm&n\^^xmw-fz><> 
[oo6 9] oxit. -mnx? 

a, 8 1 bll;*-l'7/W^ ?3-yf1®Z^-t-ifcgh8 5 

io 8 7 aRXf8 7 bKlt-^LTcflfigir^oTV^o 

[0 0 7 0] 8 1a, 81 b lC|±, **M8 5l: 
®ESrP|l*Pi-5fc«><7> I n 2 0 3 , I TOf ©tt^b* 
5tl8 2a, 8 2 b^Jx.tf^ b7^^tcR{te>tl 

J; 5 \c-^<D^mc Ks> htt©aw««Sr^ h y y** 
ftfC&BU #3SK*@»CT F T^M I M (Metal-Insu 
lator-Metal) ^©^-f y f- 1/ ^m^W^t U ffc£© 

(0 0 7 11 118 2 a, 8 2 b±|C|4, £>g|C^C-C 

z.*ib<D*s3- v*mit-rz>m<»mfe*w^s \ o 2 , 

T i 0 2 , Ta 2 05«S©fl-»*»&J5cS|6IWR8 3 a, 8 
3 b#£*fS:ttP>;jx5. 

[0 0 7 2] HIC, »3a, 8 3b±(C|i, m& 

fWU?ffl|8 4 a , 8 4 btfSRttfeftTVS. /J^SEfaSM 
fflIBS8 4a, 84 b©'>ft< 1 1— ^T(C{4— $ftge[6]Ma 

^itdtbTv^. ri^-sKt lt(±, 0«jx.tf, #y-cs: 
m mzttmmiCTjk-tfrppACDXfo) ^itLfct,©, h 

ft, BBf6j$iJ^8 4 a, 8 4blco^^ 
TI4, *©*fW©»W, (— ttElfil8HS*» 

40 [0 0 7 3] *7h, ia(6]*J^8 4 a, 8 4 b riHvfft 
[0 0 7 4] ft, E|p)£|ffjR£ LT»4, 'M<H-* 
so [0 0 7 5] 44BR«>ttA3R-T-iC«l>T. 
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MzmLX. 3^f!) y^W.^i:m^XU^\mM\ti^ 
Wffii-£jjfei) i \*imb (Liquid Crystals, 5, p. 1127(1 
989)) lUioTSHSftTl^i. t^aWUs' 
* tlT©** f y f- k &$)Mfalt) k<DY/V?s<7>MZ 

±oT»fJM rnjMatftflj £¥NiE-f 5~ £K4 

d g/p=*/2 jrftSBMRfcfca. Sfc, ± 
^^ffiRB^T'fc5»-&tcii*tt^i3i:^:5. ft, I© 

myt&&mfe-tzzk\c£'o®M l \cmmx-zzo -r^t> 

*>, •fe^4 ] T'l4ia[n]M*J*t-J;oT^:5feWt 0 s/^p 4 9 
*f l«i^fp* (=2 n • d g/«) ^fLtfe 

[0076] *mwx-ttm&&<t<»ttMa-3L'ptj:< 1 1 

p*^ 2 x p LA\ p*^10Xpift 

jp, Ri6iis«, mtiL&ftmzm'&.mm-rzzktmzL 

[0 0 7 7] »&8 1 a&tF8 1 b J4, *>•<— If— 8 6 
Sr^LT>ttrS]LT^5o a^S*^— !f— 8 6 14, 

sia, si bomo&K (ir/u^^?/^) ^jrrs 

S,^*-5-<<, o. a-io^mwiii^ttsri: 

[0 0 7 8] 9— 8 6 {£jJP;ft, 11a RZf 

llbF^Ot»tt^l*l±^*> *-f 

T*#5 (B*tt1") o 
[0 0 7 9] ±|E«ji«)^^8 0T-J4, tf^/K* 

vo<D^ftitmtfs o%sirxhtit£. wcttfitm©** 

(b) , 06, 7lc*-f-J:$fc, *J±S*enJpigra4, 



»jiSFT*j4-*(D^tt wmjETOi^icfnip 
we©** £ tTsp^^tt^^^bsnstta 

LTP^mT-eiffi-Chffi- 

io smc*ft(oftm&mmxizitt-smc*)®<Dmfc&& 

yiJ«r*"*-t>©S:fflV\ fitl^L^l) ~4) (D&SlC 4 5 
SmC*tSt^ ^ !) ttSr«3fe$*tfc^||SrJ|?riti-5. 
[0 0 8 0] Mfc, »ffitt**«?©f|»c«fc»>, llfF&Lfc 

[0 0 8 1] APX.T, 77^> ^s^ftS:^-^ 
B B a©/^^tit© ib -Br A/ bT y ^£-fe/Pdr -y s> :7°© 2 ft 

[0 0 8 2] rw4 5ft#tt~RC*5V'>T, SS8 1a5 
r/8 1 b<D'pt£< k t— ^ffflfcfiiTfe&SrRtt, «ffi*SfP 

Jn«Flctt» itf>4 5 h^roili^W^fk(-#v\ 
{5iJx(40 8 1^1-4 5 *<«fttt?*^©ail3fe* (ffl*f3t 

*) &m&mwcft\,^T-rviytfy\z.fflw-rzzk&xz 

[0 0 8 3] Sttttft*^ -^tt, Si81aM81b 
<£>— *fMiC{^^^< t t)R, G, BO*7-7-f^- 

[0 0 8 4] «, aKatftHI^-tt, *«8 1 aM8 1 

30* EP*>S«8 laW8 1 brov^-f^t>a*tt©«« 

SSlaMSl bWV^T^-*coftiJ(cg*ftS%R(t 
S S v ^tt-*©*K i f*X (4S«{cR (4 5 atttfcg 

[0 0 8 5] *^BJT'»4, ±3COffiA3|f-riCjttLTPini 
40 ff^£ffeiS-f 5iB»)lE]8g£l2:it, ±J6LfcJ:5&m£EO 

kLXttmLtLXoteTFT^ZMz-tzTy-T- h 
kt£Z> 0 

[oo86] ii2~i4 z&m tx, *xm<?>mMi* 
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[ 0 0 8 7 J 0 1 2 lis SKKf ^Sr, W»*aSr«*.fc 
[0 0 8 8] 12 1 2 KTjrrWj&T'fS, ttfi3m£tt3f 

oy-^*Sl, S2---tf£v*|£|&BSftteRS-?K£ 

T^Wy^V^*^ffi3i-5»IRh5^^^ (TF 
T) 9 4RtmmitM9 5imtfbfrX\i*Z> (l^0T-te 

-yf y^ft UT, TFTWftfe, MIM (5(R-«:JHV> 
-5rit>-e#5„ f— MG1, G 2 '"(IT FT 9 4© 

y-h«*s (H**-f) tegsttSft, y-^isu s 
ft, mmmm i5I4tft94<dkw ^wm (0** 

K?-f'<9 HctO-y- h^O 1 . G 2 -^WitiflMI 
1, S 2 ft, TFT9 4^Lt*BitS 

KPPJn^ftS. 

[0089] il3li, 012 {C^-T <t 5 fc'^/HSf£ 
K*5»t5#H*»» (1 tfy h#) <£>Wrffi«j£<D-0iJ£ 
^-To I^B!(C^-r«3tT*li, T F T 9 4 &.TjqiiiSi«1§ 9 
5?:lx.S7^T^-7 hy **££2 0 i#il*f4 

2^#^f^^r&)*«4 oraic, g3gftffi&*ri-&fti&j| 
4 9*!tWSiX, (c L c) 3 ia**rit£ft-ci^ 

So 

[0090] Tt^jzf-? h y ^^.s«2 oico^r 

li, TFT94iLT7 ; t/l'77^S iTFTlrffil^c 
0d#*£ft-C^5„ TFT94«^7^^e)^5S« 
2 1il«^ 1 @12t/Tty-MGl 1 G2- 

i-Sattufcy- httis o±(c^b'>y (s iNx) 

a - S il2 4^^t-Jf,ftT*J9, ®a-S il24± 
IC, n + a -S i 12 5, 2 6 Sr^ LT V—^mM 
2 7, stfS^WWWLTRtt&ftT^ 
•5„ y— *W£2 7i±ni 2»c^i-y— xfs i , S2 

-KSBKU Kl^f Vttt2 8tt I TOl*©aW*i 
K^P>*-5B3lf«ll9 5{C«iggLT^5o TFT 
9 4J«l*3tt5a-S il2 4±Srf + ^Si2 9*i 
««U-CV^5. :©TFT9 4lt Wi^lrZf-YWfr 

*aca«$ftfcjHiBi^i3^-cy- m«2 21^- 

[00 9 1] HtC, TiTT-J-f-vY y ^^S«2 Ol-Jo 
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&ft7t««p**««3 OlCfct>*6litlgS2 3 (>7-h«« 
2 2±<0*ft|^fca»tt£8WfeftfcBI) £«#Lfc« 
fi(cJ:QfiM9«fl; (cs) 3 2 W 9 l5 0ti?l©« 

3\ HSP^coffiT-rS/tto, I TOM^OS^J»I1III(- 
it)^$ft5. 

[0 0 9 2] 7^T-(7vHJ^^Si20©TFTl 

io <d®\tl.&7 trv-^a^w-ttffilpj^a^Jt^ftfciElfi] 
ISI3 2 atfKttbft-O^S. 

[0 0 9 3] *t(6]a«4 Oflt #7*S«4 1 

±IC, ^ffi[B]#(75ff^T**ii*1S4 2, Xt«SS«)ElSl 
tttt*#J»i-S*©ElSlg|3 2 b#«JlSft-C^S. 
[0 0 9 4] fSj, _kSEir/H?|i§tt, SV^ICliWES 
LfcB8«^*>5-it«3ai3tfilSllil*«r*ft-CV^ (B* 
-BrT ) o 

[0 0 9 5] ±E«Jli«)/^/KOBi*lBJ»JC*JV^T» m 
Sl4 9tLTIl i*^SS:^ri-**Si, mtf*^ 
20 7^^^f-y^tBSrMi-5tSft-4 s fflV>P)ft-5, -frL 
T, ig|4 9li, 0 3, 6, 7, &tf 8 ic^-f <£ 5& 

[0096] fSj, 012 1 3 ICtJH- <fc 9 t£'<*jvm 
j£fc*5^T, T^x^y^ h y LT, 
Si (p-S i) TFTZmX-fz&fcZm^^^t&X 

[0097] 013 \CTF-j-s<*ju<Dm$imft<DmmiBit& 

£01 4fc*f. 

[0 0 9 8] 014 RXtm 1 5 £r#fig LT±fBfl*i§Wi£ 

h y mx.\i-mm\^^xh^mn 

K («*.tfl8l 5{C^i"l F&tf2F) lC#fiJL, 'ft 
6>2 7-f-/wKlct3i^¥^^3f^©1t#«-JSC^ 
ffi^rffM-rSo WTT-tt, MM4 9^08jc:^-rj;9 

[ 0 0 9 9 ] 0 1 5 ( a ) 12, -mm*M a Lfc^lC, 

m^f- Ymc i , g 2 -a««^.iiii6iRft-ea«*ft, 

-y- m{C|ia^«^Ton»C*JV>T9fS<Dy- h«JE 

vg^En*p^ft, y- vnM2 2\cnszv ztmio*) t 
FT94^y«ii/i5 0 ftfioy- vmm^ixx 

v^»IMlcffiai-S*a«iJ»IBTofflcii^- HS2 

2(C«ii^p^f>-fTFT 1 2 ttffi&ttttftg 

is) t^c«9, Toff«(^Msroi^-<Dy- vmfim&iz 
ftry- hfl;ii2 2tcy- h«jEvg^Pn*n^ft5„ 
so [oioo]0i5 (b) li, 



4f Ha2000-10076(P2000-10076A) 



23 

(y-^m \Z.$lM£tlZ>nEEV s £^1-„ 015 

( a ) -e^-r j; 5 w K-ca^fflfflTon-cy- 
x^wtwmicmm-rztimmtttzy-xMs i, s2 

*£) Vs (S*P«te£#iimiI4 2<DmfeVc ti" 

[0 10 1] i^t, 1 71/- A£#|fijH-.5gS— 
—A' K (IF) iSKli*lC*i&**l,5tilflL «*. 

tf JB^SJMMwtf; 8 in*-*-* 5 teW£-mmm¥f 

(3SiI*) t(C Cfc V x ©Eitto y - 

(«*m^-*j±) («*pm{i^*ii**E 4 2 ©««t v c 

ifih'\^"<^MM2 8&ftLXmmm& (9 5) Kwmz 

ti. m&mm (cic) 3 iarm^i3 2 tcs) t 
£*t, mm -^«jeev x ic* 

offt£*>^TTFT 1 4tei*JgJn; (jJ-y^lU 

«>s i&eHr/W (jfoS^SClc) 3 

l&UW^S (Cs) 3 2tliIRfflfflTonf«S 

ixSo -t L-"C, SKW*lC*3ttS*fiJi4 9|!lSH7^ 
-yWKl F(0^fflSriiLT«ffiVx^ppj!jp$tx-5 0 

[0 10 2] #CK, SZ07-r-yuK (2 F) CQjI&W 
F^T o n T'»4, ^-<757 ^ — A< Kl Ft ii®tt^i£T-* 
KWfclSI«©«ffittVx«r#1-5y— ^«EE (-Vx) 
jfiV-xmM2 7[Cftl))\}&inZ> 0 Ifflft, TFT 14^ 

^-v^ffir-fc d , 9 5 v x riSBtfjg £ ix 

T, (Clc) 3 l&mfc?*«*3 2 (C s) 

zti. mmmmonfiL&tii mm^-ns.- v x tc 

i^VN-C, #31#ifflraToff(Cio^TTFT 1 411 

ifoa-feA- (jRfi^acic) 3 1 .rtjhsm^s (cs) 3 

2-t?H:a«ffllWTonT?*«Siifc«ffifi«*ai$*ifc!K« 
SrHflPU *EE-Vx#fiH$£ft3. *rLT, ^SEnX 

T «JE - v x asi=P JO $ ix 5„ 
[0103] 115 (c) It ±jtLfc±5ftaKI* 

tf»«f**f;:|IIRJc:««P$ii«ftJi 4 9K 
SHjQ3;h,a*JE*Vpix«:, HI 15 (d) isa^iS^T- 

©sea©^©^^ mmmm^ B mi-Ltzm^X'(D 

S:fiJ*«Jlc:*-t-. (c) »c^-f±?t£, 2 7 
ywKl FXtJ 5 2 F^iiCTPniP«JEJiS^lc1H47i5 

(d) Ic^-f-J; 5t-fS— 7-f-;WKl FT-li, 08 
tC*-Ti|#tttCS<3^TVxtC^i:7tPg^^ffi (i§ii 
ftft) >45#f>iX. m~7^-^K2 FT'li. -VxICi 
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TxtO Sr¥^LfcSia^*^#e>ix 

[0 10 4] ±j£Lfc£ itiTV'rj-?-? h !J fxmWl 
X\i, lJ4 7>v7.*t^y?te*^-*rM i !:m^tzM& 

x&ws:mmfc®m£&^tzi%m$im&-s!mbtj:z>b 

(Dm— 7 A -A- K t ®v ^iS3tfi:<o^- 7 -A- 
#JLTii^(vifT9/t46 N ^fflMP^/iS5 0%JglTi:fc 

10 tz, I-Si;iZ7 Ktlli© i"<;KOi)i!5SS 
ttg(ELt«ii4 9lC3WjD£;ft,5fc#>, M14 9IC 

[0 10 5] ±fi©^* = XA©fcft, flMWUHtffiv 

©T-#5«ffifltSra«LTPP*p-t5r tT% 

AK1 Flc&^T, 3fa©P»P!RIBJ: "JiSSV^^HKffli 

[0 10 6] 

[Siitfll] (£ffiftli) 

(ttft-feA-OflsfO iSBJS^ (m^ffiWlcn.2) t UT70 
0A©IT0^Sr^LfcJ*$ 1. 1 >Fj-»^f7^S« 

miS»SE-7992 (Blft^l±» ^rXt°^3- h^tcj; 
•9^*L, *©f, 8tfC5^|BI©B(Hfe*i«:tT*ofc!ft > 2 

oo < CT*iB#ra^p^fig;?rffibiKff2ooA»#y'f 5 «1 

30 ^S^B B B WWt LTffiflSOKN 5 0 1 5 LA (fs-yft 

-r^->-to^*tt/ t fv^t#x.bix5r bfrb, &>T<Dmn 
WK-tstt ttm®><omte£.xm&ttw § Mn^-r^m. 

jri/mxhz b^tc-rz b b-tZo 
[oio7] ^x, a»a«±«)#y KiHc»L 

JfeLfco 7ty^M©*#l±, SlO (7)n-/Hc-^-^ 
(NF-77/*AiS) SrlA^-^^-arTt^ fv^n— ywSr 
40 ffLii^-l:0.3 . iH)iiSlO/sec, |H)telSl000r 

pm, iH9 0^4(5] i Ltz„ 

[0 10 8] i^V^T, -*TOS«±{C^-<— D— b L 
T, ip*&«tSl. 6^mW->y # fcr-X-Srgtffr U 
©7 bfv^a^|fi]*5St>{cKspff (7>f/<7 WW) 
t^-5J; K)-)fet^tyy (1. 55 M 

m) <7?-fe/i- (*B*<7)^-feyu) Sr#fc„ 

[0109] r<D-fe/w«ajf{itBM (y ^r— 
->3» STTIE^telciijaiJ^LTtirr^, o. osnnre 

so [Olio] JBKf&fBM ( y ^x- v-a » <o»j^ii« 
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[oiii] mm*. ^mmm an* 

HWaa^fiADR- 3 0 0 LC-A&ffll^fc 

Lfc*^ t mat*' y * * , mw'< v => bit s 

[0 112] aij^»4, A*MlO* (SiffAW) T'U-if 
[0 113] •mktoMWiS.. *ro,t?(clTofc 0 

[0 114] 7 5*S0>ITO»Kfc» Sfi^^eT^W^ff 
ifejfcU *Se«C-fey hUfc. ZiU-Z, #7^ 

y*/>f?*7 >b'fflfe) iy<nx°hZ> 0 
[0115] rr-e, A#t*{i^o° m^o' tc-ty 



* [0116] r *)mu BrJ£0>*fl=-o 

ylfv^U |PI«w»ff4rtTofc 0 «]£»» 7t'^« 
[0 117] (T^tV ^hy^^-fe^©M) -tfB 

ra*©*flsK *jitr*#©aw««, tfy^s raft* 

i/y a a -S i TFTSr^r-rST^T-^T* 

io -^HJ^xSgtL, -*©SSI;r, g, b<d%7— 
7^/u^-5r#L, 01 0K^WlWKft©7'*7 1 >r7* 

h U—v?dr^/N°v-^ (C S ) te**<£>$iitf><§! 
* (C LC ) 0>5ffiFfcfcSJ:5K:M:i&Lfc o WilHM Xttl 
0. 4^yf, ®^*C(4800X600XRGB t Lfc„ 

[0 118] (ffi£i|Bj$«><Df|fi) Tffi*fiteft:£-*«: 
**i^*tTHE©m*Jt*-C»^L, ?SfiiHfig!KlA~G«rfa 
iLfc. 

[0 119] 

* 20 [Si] 

i 1 





A 


B 


C 


D 


E 


F 


G 


C M H»-^O-0 C -Q-CsHxs 
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5 


5 


5 


5 


5 


5 


5 



[0120] ±!EJ£iSlffi^A~G<D!i&tt^7 * — * t L 

x^m^bcom^^m^um^ 2 t c -t=io 



[0121] 
[«2] 

2 
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Chlif* 
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113.7 


126.6 


133.5 


139.9 


146.6 


149.9 




63.2 
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59.8 
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64.6 
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72.8 
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-12.3 


- 15.5 


-16.0 


- 11.7 


9.7 


iai 



[0122] 



[*3] 
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g|&#« (nC/cm 8 ) 
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2.1 
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[0 12 3] ±|EW^n-fe^-ef^»!Lfc#iam-fe/V 
(1) RXfT?7 L -i7'-? h y **-fcA' (2) 05**K*MI 

Wi/-ffrk (1) ~G (1) , A (2) ~G (2) fcfERL 
7t„ r.Wi$£po^ Ch-SmC*tg|5#Mmi-*3V^-C-3V 

[0124] 1 . ISfa^fi 

(1) ~G (l) o^oBlttRtt&oir'T i 

[0 12 5] -t^ilg*, ftBff#i8S5 fV^faifSiiT^P 
[0 12 6] 2. = fcjftjS# 

>-?)Vh (1) ~G (1) (coi^x-trA-sr^ ^*n:3,^TT* 
[0 12 7] r.ftlCTc-T=10 c C{£:loV'>T±5V, 0. 2HzC0= : 

55 



* d b&t>froti 0 

[0 12 8] *fc, IE«tt«JISrTOPL7c:^«| (£& 

[0 12 9] ^Oft^fc&frbftfr&m'O. 

%»-ai-5«EESrV 5? i, aiH3t*asft*:aia3t*© 9 5 
> %iCii-t-5«ffi5rV9 5% t y =V 95% /'V5%i:^«-f 

sr. irises. 

[0 13 0] JSfcl^-C, t^T^y V^ft^ffFffiSrffofc, 
r^T% H^jSJES^ft^ldtJIt-SAt.i^ij^F^V^T 
SiS3t**s«t>:Sia3t*» 5 0 5 ®JI£V U> 

3t*jT/J5l9Bt(C*JVNTSii**^*^ji^*W5 0% 
MtSlE^VdifiL, (V u +V d ) /2©f£E 
SrRPiDLytirt^i: 0 5 5 2o©aiB**liT u , T d W 

&«4t;i7jH\ 
[0131] 
[3?4] 
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D 
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T«r (96) 


71 


56 


36 


22 


16 


2 


7 



[0 13 2] i *^-9-V^A(l)XWB(l) 

(c||lt»±, t^y ^©itasso (%) ^jg^r*5'9 

[0133] 3 . 

m^-y-v-^A (i) ~G (l) ico^T, H^tofrgilRj 
«OKl*ffl^t, 60Hz©J©gtt4rfflflPL-C«EE (+ 

[0134] ^rosi^^jEattromjEw* 

^A(l)&tJ5B(l)»cov^TJ±, ±i£«9t y -^*5^;^ 
[0 13 5] U 3g^f-V7 , /PC(l)~G(l)fCO 



[0 13 6] £fc, ^©iESttO^tlJI (ffilbWE 
%<Hfflk*kt£Z>tiflR) b, iL*>T**Vt$m (fflfol 

BET?wiafdiSia*ttMi*»fcSKajisiB©i o%<Dmi&m 

©Sttt, **0. 6~0. 9ms, 0. 2~0. 3m 

stfet), ffifltffi (1VSS) RttnoEHctt, ;fe*i. 

6~2. lms, 0. 3~0. SmsTfc!!, 

[0 13 7] 4. -Y^-V4fi.O!«£Ei*^(DaiJ^ 
*^f-^^A (1) ~G (1) Ko^T, Tc-T=10'C(Ct3 
ItSftSlW^WWgBftfr (Qt) fce>lNc«EE«#*, 

[0138] 5 ~* 7 tc^i",, r. *64> 

(i) ff>mm^t&mm^hwm^tii>m.tim^ic- 
<omm&t&&i&bWi&&m (2nF) *»e>«FS»w-»*ii 
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[0139] mma*mtettM7*~**mm&n 
BZftnmwfryzT'A (vHR-iA/s®) ftbtftaftw 

IS 5 



30 

*5£U PP*P«BE5Vi:<DltSr^tHi-5- £lc«fc iJSfc^iJ- 
[0 14 0J 
[*5] 



[0141] 



[0 14 2] 
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QtCnC/cn 1 ) 


46 


35 


23 


14 
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5.2 


3.9 



* 6 
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aff«j^5 (%) 
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99.0 


99.2 



[0 14 3] 5. ^/WffPflBTFTfc m V *7^T^'V h 
y ^^/^/PT'&Sf-^-^A (2) ~G (2) SrfflV^T^ [0 14 4] 

m. 8 
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JslifF 










sett 




4>L 
«r> 






tf b 


*b 
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Aft 











[0 14 5] r©*&*ii»e>#a»$»0, C(2)StfD(2)li 
-f#2l3lffl*-0*5. £?>t-, E(2h F(2), G(2)« > ft 
[0146] 

[Ell] (a) &tf (b) : SSFLCS<O^JC*3Jt so 



5S0. 

[0 2] (a) M (b) :@1 (a) RU (b) 
tWsEfattJiilcfctfS, ¥4 \-9 9 **-f«*H. 
[03] (a) : SSFLCfc*5tt*#iMMB-C0>BI|6] 

w&fa#cf»&^1-^5$;0„ 

[04] (a) ~ (c) ?^>^fyirj(!*|:fl 

0o 

[0 5] *«W©iKfi*T-©-«B«Ji*5»t6*-Y5/^ 
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[ia 6] (a) ~ (c) : *&wom&m*<o-i&mz. 

*J 6 # -T 7 fr* * V f- v i> Wi&ft X*<DMi±mn K. «t 5 

[07] (a) : *^B^»?Sf H *T-{C*3ft5)^ a B B roK^ 
( b ) : ^BJcO^fs^l^tt-S^fHWKtSl^rote 

[09] (a) fttf (b) :SSFLCm5S^ 
[010] (a) (b) : *^B^C9^Bl^(ct5{t 

[mil] *i§W(75?Kf B ^(o-^j6^^^-rifffi 

0c 

[01 2] *^^<D® B |^^T^^^-7'-r b- 1J*.XM 

[013] ^mnmmm^r^^^c^^ v v 
[0i] 
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[0i4] 013 tc7jki-m*ffi'&<D$fm\B[m%7Fi-mo 
[0i5] *%w(ow.&m**T?7-j-7'? bvtxm 

[016] ^BJcD^ H B B ^(C*i(t2)miI-SiliW'tt 
©tero^J$r^-r^0„ 

ii,i2 m w. 
1 3 m& 

14, 14a, 14b, 14C Jfoi^ 
1 5 => — V 

16 ■Ktv^vtm 

1 7 =i — i/Jgffi 

18 a, 18b cy-f U-^? 

8 1a, 81b W&L 

8 2a, 82b MM 

8 3a, 83b 

8 4a, 84b laftfaJ^JSI 

8 5 134 ?3->y?WlM> 

8 6 !J— 

[0 2] 




ClEft C2K6J ClKfa C2Kft 



[04] [05] [08] 
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Cb) E-0 
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(b) SSFLC (C2) 




II 2] 
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(19) 



[7] 



[El 3] 




< O 



cm) 

(a) ^y^S/*A/7ttlRl 




CbE) 



20 




" " — ) 
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29 


42 i) \ 








Li r r 







MB (ft*) 
Cb) W«^?^x*7El« 



31 
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V,0- 



[014] 



,94 



V. 



I 



(a) 



[mi 5] 



i- 1P » ^—hS — •< — 

n — ™ — a M « — ft 
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Ch) vx 

Vi: 



Vc- 



fc> Vx 
Vptx: 

Vc 



(d) 
T 
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- Vx 



-SS- 



#Ba2000-10076(P2000-10076A) 



(20) 



[016] 
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